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In re Reissue Application of: 
U.S. Patent No. 5,750,338 

Mark L. Collins et al. 

Reissue Serial No.: Unassigned 

Reissue Application Filed: Herewith 

For: TARGET AND BACKGROUND 
CAPTURE METHODS WITH 
AMPLIFICATION FOR AFFINITY 
ASSAYS 

BOX REISSUE 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

CONSENT OF ASSIGNEE, OFFER TO SURRENDER 
ORIGINAL PATENT. AND STATEMENT UNDER 37 C.F.R. § 3.73(b) 

Vysis, Inc. is the Assignee of the entire right, title, and interest in U.S. Patent No. 

5,750,338 by virtue of an assignment from the inventors to Amoco Corporation in a predecessor 

application (U.S. Serial No. 07/136,920), recorded at Reel 4843, Frame 0373, and by virtue of a 

subsequent Assignment of Patents and Applications from Amoco Corporation to Vysis Inc (copy 

attached). 

Vysis, Inc. hereby consents to the accompanying application for reissue of U.S. Patent 
5,750,338. 

Vysis, Inc. hereby offers to surrender U.S. Patent 5,750,338 when the reissue application 
is otherwise in condition for allowance. 



I am empowered to sign this paper on behalf of the Assignee, 

I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be tme; and further that these 
statements are made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardirft the validity of the application or any 
patent issuing thereon. 



FARABOW, CATU.ETT, 





Patent Counsel 
Vysis, Inc. 

3100 Woodcreek Drive 
Downers Grove, Illinois 60515 
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U.S. Patent No. 5,750,338 

Mark L. Collins et al. 

Reissue Serial No.: Unassigned 

Reissue Application Filed: Herewith 

For: TARGET AND BACKGROUND 
CAPTURE METHODS WITH 
AMPLIFICATION FOR AFFINITY 
ASSAYS 

BOX REISSUE 

Assistant Commissioner for Patents 
Washington, D.C. 20231 



Group Art Unit: Unassigned 
Examiner: Unassigned 



Sir: 



PRELIMINARY AMENDMENT 



This amendment is being submitted concurrently with a request for reissue of the above 
patent. Prior to reissue examination of this patent, please amend the application as follows. 
IN THE CLAIMS: 
Please amend claim 19, as follows: 

19. A method for detecting a target polynucleotide contained in a sample, comprising 
the steps of: 

(a) contacting the sample with a first support which binds to the target 
polynucleotide; 
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(b) substantially separating the first support and bound target 
polynucleotide from the sample; 

(c) amplifying the [sample] target polynucleotide with a DNA 
polymerase; 

(d) contacting the amplified target polynucleotide with a second 
support which binds to the amplified target polynucleotide and also 
with a labeled probe which binds to the amplified target 
polynucleotide; and 

(e) detecting the presence of the amplified target polynucleotide. 

To the 40 claims that issued in the '338 patent, please add new claims 41-59 as follows: 

41. The method for amplifying a target polynucleotide of claim 1 wherein the target 
polynucleotide is amplified in vitro to produce a multitude of polynucleotide 
amplification products. 

42. The amplification method of claim 41 wherein the amplification is linear or exponential. 

43. The amplification method of claim 42 wherein the amplification is exponential. 

44. The amplification method of claim 41 wherein the target polynucleotide is 
amplified with a polymerase and at least one oligonucleotide primer. 

45. The amplification method of claim 44 wherein the ampUfication is linear or 
exponential. 

46. The ampUfication method of claim 41 wherein the target polynucleotide is amplified with 
more than one polymerase. 



The method for detecting a target polynucleotide of claim 7 wherein the target 
polynucleotide is amplified in vitro to produce a multitude of polynucleotide 
amplification products. 

The detection method of claim 47 wherein the amplification is linear or exponential. 

The detection method of claim 48 wherein the amplification is exponential. 

The detection method of claim 47 wherein the target polynucleotide is amplified 

with a polymerase and at least one oligonucleotide primer. 

The detection method of claim 50 wherein the amplification is linear or 

exponential. 

The detection method of claim 47 wherein the target polynucleotide is amplified with 
more than one polymerase. 

The method for detecting a target polynucleotide of claim 19 wherein the target 
polynucleotide is amplified in vitro to produce a multitude of polynucleotide 
amplification products. 

The detection kit of claim 20 wherein the means for amplifs^ing provide for in 
vitro amplification of the target polynucleotide to produce a multitude of 
polynucleotide amplification products. 

The amplification kit of claim 24 wherein the means for amplifying provide for in 
vitro amplification of the target polynucleotide to produce a multitude of 
polynucleotide amplification products. 



LAW OFFICES 

FiNNEGAK, Henderson, 
Farabow, Garrett, 
s dunner,l.ur 

1300 I STREET, N. W. 
WASHINGTON, D. C. 2000S 
202-408-4000 



56. The method for amplifying a target polynucleotide of claim 27 wherein the target 
polynucleotide is amplified in vitro to produce a multitude of polynucleotide 
amplification products, 

57. The method for detecting a target polynucleotide of claim 28 wherein the target 
polynucleotide is amplified in vitro to produce a multitude of polynucleotide 
amplification products. 

58. The method for amplifying a target polynucleotide of claim 34 wherein the target 
polynucleotide is amplified in vitro to produce a multitude of polynucleotide 
amplification products. 

59. The method for detecting a target polynucleotide of claim 38 wherein the target 
polynucleotide is amplified in vitro to produce a multitude of polynucleotide 
amplification products. 

REMARKS 

In this amendment, the Patent Owner has amended original claim 19 to correct an 
obvious typographical error. Specifically, original claim 19 recited in step (c) the amplification 
of the "sample" with DNA polymerase but it should have recited amplification of the "target 
polynucleotide," as demonstrated by the recitation in steps (d) and (e) of further manipulations of 
the "amplified target polynucleotide." Thus, the Patent Owner requests entry of this amendment. 

In addition, the Patent Owner has added new claims 41-59 (the specifics and support for 
which are discussed in detail below in the section entitled "Claims of Intermediate Scope") 
because, as set forth in the accompanying Reissue Declaration, the Patent Owner has recognized 
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that the '338 patent is at least partially inoperative. Specifically, the Patent Owner believes that 
the inventors claimed^ without any deceptive intent, less than they had the right to claim because 
the '338 patent does not contain claims of intermediate scope. These new intermediate scope 
claims provide additional protection for several narrower aspects of the invention. Thus, the 
Patent Owner seeks to add new claims 41-59 to obtain that protection. 

Finally, a licensee of the '338 patent has suggested that the claims of the '338 patent 
might be read so broadly as to encompass prior art from an earlier period of molecular biology. 
The recitation in these new claims of three specific narrower aspects of the invention 
demonstrates more clearly that the claimed invention does not encompass this early art and, in 
any event, explicitly and even more clearly excludes the cited art. See Hewlett-Packard Co. v. 
Bausch & Lomb, Inc., 882 F.2d 1556, 1564-1565, 1 1 U.S.P.Q.2d 1750, 1757 (Fed. Cir. 1989) 
(expressing tacit approval of filing narrower claims in reissue, citing In re Handel 312 F.2d 943, 
945- 46 n.2, 136 U.S.P.Q. 460, 462 n.2 (C.C.P.A. 1963)). 

Thus, the Patent Owner respectfully requests entry of these amendments. With the 
requested amendments, claims 1-59 will be pending. 

A. The Invention 

As set forth during prosecution, the invention of the '338 patent provides polynucleotide 
assays that combine "target purification methods with target amplification methods." Paper No. 
8, Preliminary Amendment of Dec. 5, 1995, at p. 1 1-12; Paper No. 12, Amendment of Oct. 24, 
1996, at p. 10. Based on this combination, the invention provides methods of amplification that 
produce large amounts of purified target polynucleotide as well as methods of detection that 



yield assays of great sensitivity. Id. Thus, the '338 patent issued with claims to methods of 
amplifying a target polynucleotide, methods of detecting a target polynucleotide, as well as kits 
for both amplifying and detecting. 

Each of the claims, whether to amplification methods, detection methods, or kits, shares 
the sequential elements of purifying or separating the target polynucleotide from the sample and 
then amplifying the target polynucleotide. This particular combination of steps would not have 
been apparent or desirable to those in the nucleic acid assay art in December 1987, as set forth by 
the declaration of Dr. David Persing submitted during the prosecution of the '338 case.^ Viewing 
it from the standpoint of amplification, those in the art believed that PGR (one of the primary 
methods of nucleic acid amplification) was so highly specific, based as it was on the careful 
selection of primers, that there was no need to isolate or separate target polynucleotides. Paper 
No. 20, Persing Declaration, \ 12. And, according to Dr. Persing, it was not until after December 
1987 that those in the art recognized that careful selection of primers was not enough to avoid 
non-specific amplification. Id, 

Second, from the binding/separating standpoint, it was generally understood that binding 
of the target to a probe/support was "substantially less than 100%," Thus, for assays in which the 
level of target polynucleotide was low, the use of a binding/separating step would decrease the 
already low amount of target available for detecting. Added to these concerns was the general 



^ A draft declaration was submitted on July 1 1, 1997 (Paper No. 20), and notice of 
^ the submission of the executed version was filed on July 11, 1997 (Paper No. 21). 
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desire to avoid the addition of complex steps to the assay. Paper No, 20, Persing Declaration, 



]f 13. Accordingly, Dr. Persing concluded that: 



[Cjoupled with the conventional understanding at that time (that 
careful selection of primers would permit adequate selectivity of 
target and specificity in the amplification product), the 
practitioners' concern regarding imperfect binding efficiencies and 
the expected loss of real target before amplification occurred 
reinforced their incentive to avoid further complicating their assays 
by the addition of target separation steps to their assays. 



Paper No. 20, Persing Declaration, ^13} 

The Examiner agreed in the Notice of Allowance, stating that: 



[T]he art at the time of filing did not recognize that the efficiency 
of PGR amplification would decrease due to the presence of 
contaminants in a sample and therefore provided no motivation to 
purify a target sample from a heterogenous sample of nucleic acids 
prior to amplification. Having not recognized the problem, 
applicant's solution therefore, while utilizing routine methodology 
to modify PGR amplification techniques, would not have been 
obvious at the time that the invention was made. The Declaration 
of Dr. David Pershing [sic] further supports this conclusion as 
providing further evidence concerning the skill of the art at the 
time of filing, attesting that one of skill in the art would likely stay 
away from combining a hybridization capture method with a PGR 
method since one would not be motivated to provide a method 
with the potential to lose target nucleic acids prior to amplification. 



^ Dr. Persing also noted an advantage of the claimed method that was unexpected in 
or before December 1987. Specifically, separating the target prior to amplification 
eliminates the effect of amplification inhibitors that are normally present in the sample 
system, thereby permitting amplification to proceed optimally. Paper No. 20, Persing 
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Paper No. 23, Notice of Allowability, p. 3.^ 

Thus, claims 1-40 issued. As noted above, the claims recite methods of amplification 
(independent claims 1, 27, and 34), methods of detection (independent claims 7, 19, 28, and 38), 
and kits (independent claims 20 and 24). The claims provide for a variety of methods for 
separating the target polynucleotide, the simplest being providing a support to w^hich the target 
polynucleotide binds and then removing the support from the sample (claims 1 and 7). 
Alternatively, the claims specify separation of the target by providing a probe v^hich binds to the 
target and then providing a support v^hich binds to the probe (claims 27 and 28) or by providing 
a support and a probe which binds to the target and to the support (claim 34 and 38). Similarly, 
the claims provide for a variety of methods for amplifying the separated target polynucleotide. 
The target polynucleotide can be amplified with any polymerase (claims 4, 10, 17, 25, 29, 35 and 
39) or with a DNA polymerase, an RNA polymerase, a transcriptase, or Qp repUcase (claims 5, 
11, 30, and 36). 



^ The Notice of Allowability speaks in reference to PGR in explaining the reasons 
for allowance. The inclusion of dependent claims that involve enzymes that were not and 
are not used in PGR (pending dependent claims 29 and 35 (which issued as claims 5 and 
11, respectively) recite RNA polymerase and Qp replicase) demonstrates, however, that 
the claims were never limited just to PGR, although they clearly were in vitro methods 
and were intended to be limited to making many copies of the target nucleic acid 
molecules as in PGR. 



B. Claims of Intermediate Scope 

Despite these specifically claimed elements of the amplification process, the specification 
discloses other aspects of the amplification method that had not been claimed. Accordingly, the 
Patent Owner seeks in this reissue application to add these aspects of the amplification process as 
claims of intermediate scope to provide additional protection to the claimed invention. 

Specifically, the Patent Owner has added claims 41, 47, and 53-59 (which depend directly 
fi:om each of the originally issued independent method of amplification claims 1, 27, and 34, 
fi:om the method of detection claims 7, 19, 28 and 38, and fi-om the kit claims 20 and 24)"^ that 
narrow the amplification method in three specific aspects. First, these new claims recite that the 
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^ To orient the Office, the Patent Owner provides the following chart of the added 
claims and their relationship to the issued claims: 



Type of claim 


Original 
claim 


Added 
claims 


Method of amplification 


1 


41-46 




27 


56 




34 


58 


Method of detection 


7 


47-52 




19 


53 




28 


57 




38 


59 


Kits 


20 


54 




24 


55 



amplification process is conducted in vitro. Each of the amplification examples set forth in the 
specification describes an in vitro method, as follows: 

- Example 4 describes amplification via E. coli RNA polymerase 
that lacks the sigma subunit (i.e., core RNA polymerase) together 
with nucleotide triphosphates and a low salt transcription buffer. 
See col 30, line 59 to col. 31, line 19. 

- Example 5 sets forth a two stage process of amplification, first 
using DNA polymerase, random oligohexamer primers, and 
deoxynucleotide triphosphates in buffer to replicate the DNA and 
to produce additional double stranded DNA, followed by the 
addition of core RNA polymerase, nucleotide triphosphates and a 
low salt transcription buffer to form many RNA copies of the 
DNA. See col. 31, lines 28-54. 



- Example 6 amplifies first by non-specific double stranded DNA 
synthesis, as set forth in the first part of Example 5, followed by 
cycles of heating to form single stranded DNA and then 
polymerizing with additional DNA polymerase to yield an 
approximately 1 ,000 fold increase in the level of DNA. See coL 
31, line 60 to col. 32, line 5. 

- Example 7 describes the exponential replication of RNA with 
QP replicase. See col. 32, lines 10-19. 

Thus, these Examples support in vitro amplification methods. 

Second, the intermediate claims all recite the production of a "multitude of amplification 

products." Express literal support is set forth in the specification, which states that: 



In Step 3 of FIGS 4, 5, and 6, the isolated target is non- 
specifically amplified to form a multitude of amplification 
products. 

See coL 15, lines 56-58. In addition, because each of Figures 4, 5, and 6 corresponds to 
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Examples 4, 5, and 6, respectively, these examples and figures support this limitation. Finally, 
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Example 7 supports the formation of a multitude of amplification products by its recitation of 
"exponential" replication of RNA. 

Third, the intermediate claims also specify that the amplification products produced are 
"polynucleotide amplification products." That limitation finds support in the definition of 
"amplification" which recites enzymes that can only produce polynucleotide amplification 
products from polynucleotide targets, as follows: 

In the situation where the target is a polynucleotide, additional 
target, or target-like molecules, or molecules subject to detecting 
can be made enzymatically with DNA or RNA polymerases or 
transcriptases. 

See col. 2, lines 16-19. In addition, all of the amplification examples (Examples 4-7) result in 
the production of polynucleotide amplification products, i.e., either RNA or DNA. 

In addition to these intermediate claims, the Patent Owner has included additional 
dependent claims to the claims that ultimately depend fi*om claims 1 and 7 to specify additional 
aspects of the amplification method. Specifically, claims 42, 45, 48, and 51 claim amplification 
wherein the amplification is linear or exponential. Examples 4 and 5, with their one-at-a time 
transcription of RNA and/or replication of DNA, are linear, while Examples 6 and 7, with the 
doubling of DNA per cycle, provide for exponential amplification. Indeed, Example 7 expressly 
notes the exponential nature of the process at col. 32, lines 17-19. Further dependent claims 43 
and 49 specify an exponential amplification process. 

The Patent Owner has also added dependent claims 44 and 50 to recite the use of a 
polymerase and at least one oligonucleotide primer because the specification covers 
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amplification both with and without primers. The support for claims with primers is expressly 
set forth in Examples 5-6, while the support for amplification without primers is set forth in 
Example 4, 

Finally, the specification describes amplification methods based on more than one 
polymerase (see Example 5), and claims 46 and 52 cover those embodiments. 
C. The Cited Art 

As noted above, the lack of these intermediate claims has apparently resulted in some 
confusion regarding the scope of protection afforded by the patent because a licensee of the '338 
patent has identified art that the licensee believes renders the claims unpatentable.^ That licensee 
has suggested that the term "amplify" is used so broadly in the specification that the 
amplification method^ includes the cloning of polynucleotides by growth in transformed cells; 
the production of cell-free translation products; and the enzymatic reproduction of a 



^ See redacted letter from licensee, attached at Tab 1 . 

^ Although the licensee did not identify the particular claims to which these 
references applied, the licensee's characterization of the art demonstrates that the only 
claims to which the references could apply are the method of amplification claim 1 and 
the method of detection claim 7 and arguably to claims 34 and 38. Specifically, the 
licensee has urged that the references provide the binding of polynucleotides to solid 
supports, separating the support and the bound polynucleotide from the sample, and 
subsequently ampUfying the polynucleotide. As noted above, both of these claims 1 and 
7 recite the simplest capture method: contacting the sample with a first support, 
separating the support and bound target from the sample. Other independent claims recite 
additional elements. Specifically, the method of detecting claim 19 recites the step of 
separating out amplified target with a second support prior to detecting. The method of 
amplification claim 27 and the corresponding method of detection claim 28 further recite 
providing a probe which binds the target polynucleotide. Moreover, the references 
provide no suggestion for kits for amplification or detection as in claims 20 or 24. 
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polynucleotide. The publications cited by the licensee and another publication that appears to be 
of the same ilk are submitted in an accompanying Information Disclosiire Statement. 

This apparent confusion over the protection afforded by the patent does not arise with 
respect to the intermediate scope claims set forth in this Preliminary Amendment. As noted 
above, these intermediate scope claims define the amplification element of each of the 
independent method claims in three separate aspects and thereby more clearly define the 
amplification method of the invention. 

As to the specific differences between the claimed invention and the references set forth 
^ in the accompanying IDS, three of the references describe DN A cloning by insertion into a 

W cloning vector and transformation of bacteria. Specifically, Arsenyan et al. Gene (1 980) 

describes the insertion of double-stranded DNA, made by annealing purified single-stranded 
J" ^ DNA fragments, into pBR325 and the transformation ofE. coli (see page 101 or 106) and 

y Georgiev et al. Science (1 977) discusses the substitution of the DNA fragment of interest for the 

® C fragment of the bacteriophage, X,gt-A,C, and the transfection of E. coli (see page 394). Neither 

of these in vivo DNA cloning papers fi*om the earher period of molecular biology describe the in 
vitro amplification of the claimed methods. 

The third reference, Augenlicht, U.S. Patent No. 4,981 ,783, sets forth the insertion of 
DNA fragments into pBR322 and the transformation of E. coli (col. 5, lines 50-65). The patent 
also discloses that the number of plasmids per transformed cell is "amplified" by growth in the 
presence of chloramphenicol. As above, this disclosure of in vivo DNA cloning and increasing 
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plasmid number has nothing to do with the in vitro ampHfication method of the claimed 
invention. 

Two of the references describe the enzymatic "reproduction" of a particular 
polynucleotide. Both of these references, Montgomery et al. P.KA.S. (1982) and Boss et al. 
P.N. AS, (1981), disclose the dideoxynucleotide chain termination technique of Sanger et al. 
using reverse transcriptase which is, in fact, a sequencing technique. The reverse transcriptase 
does produce a polynucleotide fragment (i.e., DNA) based on the target sequence but that 
fragment is not likely to be a copy of the target because the purpose of the sequencing method is 
to create fragments of different lengths, each ending with a labeled and chain-terminating 
nucleotide.^ Moreover, reverse transcriptase can produce only one copy (whether it be a short or 
long fragment) of the target because it destroys the RNA target as DNA synthesis progresses.^ 
Thus, neither of these disclosures sets forth a method that produces a "multitude" of 
amplification products. 

The remaining two references describe cell-free translation methods which produce 
proteins. Specifically, both Hirsch et al. P.NAX (1978) and Strair et al. PMAX (1977) used 
the "wheat germ cell-free system" to produce protein encoded by the isolated RNA. See Hirsch 



LAW OFFICES 

FiNNEGAN, Henderson, 
Farabow, Garrett, 

% DUNNER,L.L-P. 

1300 I STREET, N. W, 
WASHINGTON, D. C. 30005 
20E-40S-4000 



^ See Coulsen, A.R., and Staden, R., (1 994) "DNA Sequencing" in The 
Encyclopedia of Molecular Biology (Edited by J. Kendrew, E. Lawrence et al, Blackwell 
Science Ltd, Oxford) pp. 283, 283-284 (copy enclosed). 

^ See Coffin, J.M. (1996), "Retroviridae: Viruses and Their Replication" in 
Fundamental Virology, Third Edition (B.N. Field, D.M. Knipe, P.M. Howley et al., eds, 
Lippincott-Raven Publishers, Philadelphia), pp. 763, 776-778 (copy enclosed). 
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at page 1736, right column, third paragraph; Strair at page 4348, right column, third paragraph. 
This production of protein is clearly outside the production of "polynucleotide amplification 
products" and, consequently, neither of these references teach the amplification process of the 
claimed invention. 

Finally, the Patent Owner notes that, for substantially analogous reasons, these references 
do not disclose the invention of the originally presented claims, as properly construed in light of 
the prosecution history. See note 3, supra, and associated art. 

D. Conclusion 

For the foregoing reasons, the Patent Owner respectfully submits that claims 1-59 are in 
condition for allowance and eamestly requests early notification to this effect. 

If there are any fees due in connection with the filing of this Preliminary Amendment not 

already accoxmted for, please charge the fees to our Deposit Account No. 06-0916. 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, L.L.P. 

By: Ol£^^ blXAJj. AfT^ 
Jean Burke Fordis 
Reg. No. 32,984 

Dated: March 8, 2000 
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TARGET A M) BAC KGROUND CAPTURE 
METHODS Wrra AMPUnCATION FOR 
AFFINITY ASSAYS 

This application is a divisional plication of U,S, Sen 
No. 08/400,657 filed Mar, 8, 1995; which is a continuation 
application of U.S. Ser, No. 08/257,469, filed Jun. 8, 1994 
and now abandoned; which is a continuation plication of 
VS. Serai No. 08/124.826. filed Sep. 21. 1993 and now 
abandoned; which is a continuation application of U.S. Ser. 
No. 07/946 J49 filed Sep. 17, 1992 and now abandoned; 
which is a continuation application of U.S. Sen No. 07/648, 
468 filed Jan. 31. 1991 and now abandoned; which is a 
continuation-in-part application of U.S. Ser. No. 07/136,920 
filed Dec. 21. 1987 and now abandoned; and which is a 
continuation-in-part plication of U.S. Ser. No. 06/922,155 
filed Oct 23. 1986 and now abandoned The disclosures of 
Scr. No. 07/136,920 and 06/922,155 are incoqxjrated herein 
by reference. 

BACKGROUND OF THE INVENTION 

The present invention pertains to methods, reagents, 
compositions, kits, and instruments for use in cs^itimng 
tajget molecules. In particular, the present invention relates 
to methods, reagents, cozi^KJsitions^ and kits i<x o^jturing 
deogcyxibonucleic acid (DNA) or ribonudeic add (RNA) 
from clinical samples. Gmixxtiments of the present inven- 
tion provide methods fcrr^id, sensitive detection of nudeic 
add targets in clinical sair^les adaptable to non-radtoactive 
labeling tedmiques and automation. 

The following definitions are provided to fadiitate an 
understanding of the pces^it invention. The term 'biological 
binding pair^ as used in tiie present appU-caSion refers to any 
pair of mdecuies which exhibit natural affinity or bindiag 
capadty. For the purposes of the present application, die 
term *'ligand** will refer to one molecule of the biological 
binding pair and the term "antiHgantf' or *teccptor^ wHl 
refer to the opposite mdecule of Ihe biological Hnding pair. 
For example, without limitation, embodiments of the present 
invention have jtpplicatlons in nuddc add hybddiiation 
assays where the biological tending pair indudes two 
cort^lementary strands of polynudeic add. One of &e 
strands is designated the ligand and die other strand is 
designated the antiMgand. However, the biological binding 
pair may indudc antigens and antibodies, drugs, and drug 
rec^lor sites and enzymes and enzyme substrates. 

The term **probe** refers to a Hgand of known qualities 
capable of sdectively binding to a target antOigaQd. As 
ajypHed to nucliec adds, the term *^be'* refers to a strand 
(k nuddc add having a base sequence complementary to a 
target strand. 

The term *1aiber refers to a molecular mdcty capable of 
detection including, by way of example, wiftout limitation, 
radioactive isotopes, enzymes, himinescent agents, and 
dyes. The tenn "agentf is used in a broad sense, inchiding 
any molecular moiety which paitid^es in reactions whid} 
lead to a detectable response. The term "cofactOT" is used 
broadly to include any molecular moiety whidi partidpates 
in reactions wift the agent 

The term 'Vetdevable'" is used in a broad s^se to 
described an entity which can be substantially disposed 
within a medium and removed or separated from the 
medium by immobilization, filtering, partxtioning^ or the 
like. 

The term **support'* when used alone indudes conven- 
tional supports sadi as filters and memfaianes as well as 
retrievable supports. 
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The term 'Yevcrsiblc.** in. regard to the binding of Hgands 
and antLligands, meaiis capable of binding or releasing U|>oii 
imposing changes which do not pcrmaaentiy alter the gross 
chemical nature of the ligand and antiUgand. For example, 

5 without limitation, revers&le binding would include such 
binding and release controlled by changes in pH» 
temperature, and ionic strength which do not destroy the 
ligand or antiligand. 

The term "amplify" is used in the broad sense to mean 
creating an an^hficadon prcxiuct which may include by way 
of exair^le, additional target molecules, or tai^et-like mol- 
ecules which are enable of ftnctioaing la a manner lilce the 
target moleaile. or a molecule subject to detection steps in 
place of the target molecule, which molecules are created by 

15 virtue of the presence of Ac target molecule in the sample. 
In the situation where the target is a polynucleotide, addi- 
tional target, or target-liice molecules, or molecules subject 
to detecting can be made cnzymatically with DNA or RNA 
polymerases or transcriptases. 

^ Genetic information is stored in living cells is threadlike 
moiecoles of DNA- In vivo, the DNA molecule is a double 
helix, each strand of which is a chain of nucleotides. Each 
Budeotide is characterized by one of four bases: adenine 
(A), guanine (G), thymine (T), and cytosine (C). The bases 
are con^Lement^ in the sense that, due to ihe onentation 
of fanctional groups, certain base pairs attract and bond to 
each other through hydrogen bonding. Adenine in one strand 
of DNA pairs with thymine in an oj^sing complementary 
strand. Guanine in one strand of DNA pairs with cytosine in 

^ an opposing complementary strand. In RNA, the thymine 
base is replaced by uracil (U) which pairs with adenine in an 
opposing complementazy strand. 

DNA consists of covalently linked chains of deoxyribo- 
nudeotides and RNA consists of convalently linked dudns 
of ribonucieatides. The genetic code of a living onanism is 
carried upon the DNA strand in the sequence of the base 
pairs. 

Bach nucleic add is linked by a phosphodiester bridge 
between the five prime hydroxyl group of tiie sugar of one 
Budeotide and the three prime hydroxy! group of the sugar 
of an adjacent nudeotide. Each linear strand of naturally 
occoning DNA or RNA has one terminal end having a free 
five prime hydroxyl group ad another terminal end having a 

45 three |ffime hydroicyl group. The tenninal ends of polynucle- 
otides are often referred to as bdng five prime termini or 
tittce prime termini in r«f erence to the respective free 
hydroxyl group. CompIemcBtary strands of DNA and RNA 
fonn antiparallel complexes in whidi the three ^sime ter- 
minal end of one strand is oriented to ^&vepdit^ terminal 
end of the opposmg strand. 

Nuddc add hybridization assays are based on the ten- 
dency <^ two nuckic add strands to pair at con^lementary 
regions, tesently, nucleic add hybridization assays are 

55 primarily used to detect and identi^ unique DNA or RNA 
base sequences or specific genes in a complete DNA 
mdecule, in mixtores of nuddc add, or in mixtures of 
nuddc add fragnoents. 
The identification of unique DNA or RNA sequences or 

60 Specific genes within the tobil DNA or RNA extracted from 
tissue or culture sanies may indicate the presence of 
physiologLcal or pathdogical conditions. In particular, the 
ideatificati(m of ant(p2e DNA or RNA sequences or specific 
genes, within the total DNA or RNA extracted from human 

65 or animal tissue, may indicate the presence of genetic 
diseases or conditions such as sicide cell anemia, tissue 
coit^tanlity, cancer and precancerous states, or bacterial or 
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viral infections. The identification of unique DNA or RNA 
sequences or specific genes within the total DNA or RNA 
extracted from bacterial cultures or tissue containing bacte- 
ria may indicate the presence of antibiotic resistance* toxins, 
viruses* or plasonds, or provide identification between types 
of bacteria. 

Thus, nucleic add hybridization assays have great poten- 
tial in the diagnosis and detection of disease. Further poten- 
tial exists in agriculture and food processing where nucleic 
acid hybridization assays may be used to detect plant 
pathogenesis or toxin-producing bacteria. 

One of the most widely used nucleic acid hybridization 
assay procedures is known as the Southarn blot filter hylmd- 
ization method or simply, the Southern procedure (Southern, 
E, /. MoL Biol /, 98, 503, 1975). The Southern procedoie 
is used to identify target DNA or RNA sequences. This 
procedure is generally earned out sheets. The immobilized 
saixq)lc RNA or DNA is contacted with radio-labeled probe 
strands of DNA having a base sequence con^)lementary to 
the target sequence carrying a radioactive moiety M^liich can 
be detected. Hybridization between the probe and the 
sample DNA is allowed to take place. 

The hybridization process is generally very specific. The 
labeled probe will not combine with sample DNA or RNA 
if the two nucleotide entities do not share substantial 
complementary base pair dganization standard. Hybridiza- 
tion can take from three to 4S hours dq)ending on given 
conditions. 

However, as a practical matter there is always non- 
specific binding of the labeled probe to supports which 
^Jpears as "background noise** on detection. Back^und 
noise reduces the sensitivity of an assay. Ui&ybridized DNA 
probe is subsequently washed away. Hie nitrocellulose sheet 
is placed on a sheet of X-rty filmand allowed to c3q)ose. The 
X-ray film is developed with the e;q}osed areas of the film 
identifying DNA firagmcnts which have been hybridized to 
the DNA probe and therefore have the base pair sequence of 
interest. 

The use of radioactive labding agents in conjunction with 
Southern assay techniques have allowed the application of 
nucleic acid assays to dlnical samples. Radioactive decay is 
detectable even in r.Unt rai san^les containing extraneous 
proteinaceous and organic material However, the presence 
of extraneous proteinaceous and oi^nic material mf^ con- 
tribute to non^>ecific bindmg cf the probe to the soM 
support Moreover, Ac use of radioactive labeling techr 
niques requires a long ec^sore time to visuaHze bands on 
X-ray film. A typical Southern procedure may require lto7 
days for e:(posure. The use of radioactive labeling agents 
further requires special laboratoiy procedures and licenses. 

The above proUems associated widi assays involving 
radioisotopic labels have led to the develojHnent of tech- 
niques en^loying nonisotopic labels. Exan^les of noniso- 
topic labels ischide enzymes, luminescent agents, and dyes. 
Luminescent labels emit light upon exitalion by an external 
energy source and may be grouped into categories dq}en- 
dent upon the source of the exciting energy, including: 
radioluminescent labels deriving energy from high energy 
particles; cfacmilumincscent labels which <^>tain energy 
from diemical reactions; bioluminescent labels wherein die 
exciting energy is apf^ed in a biological system; and 
photofauninescent or fiu^escent labels which are excitaUe 
by units of electromagnetic radiation (photons) of infrared, 
visual or ultraviolet light See, generally. Smith et al.. Arm,- 
ClkL Biockenu, U: i3, 274 (1981). 

Nonisotopic assay techniques eo^loying labels exc^ble 
by nonradioactiye energy sources avoid die health hazards 
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and Ucensisg problems encountered with radioisotopic label 
assay techniques. M<xeover, nonisotopic assay techniques 
hold promise f(x rapid detection avoiding the long exposure 
time associated wii the use of X-ray film. 

' 5 However, nonisotopic assays have not conveyed the sen- 
sitivity or specificity to assay procedures necessary to be 
considered reliable. In luminescent assays, the presence of 
proteins and other molecules carded in biological samples 
may cause scattering of the exciting light or may absorb light 

10 in the spectrum of emission of the luminescent label, result- 
ing in a quenching of the luminescent probe. 

In enzymatic assays, die presence of proteins and other 
molecules carried in biologicai samples may interfere with 
the activity of the enzyme, 

Similaily^ in colorimetric assays, die change in color may 
not be detectable over proteins and other materials carried in 
biological samples. 
Emlxxiiments of the present invention are concerned with 

20 target and badcground capture on siq)ports and on retriev- 
able supports including magnetic particles. Magnetic par- 
ticles have been suggested as supports for the synthesis of 
organic compounds, including oligomers such as DNA, 
RNA, polypeptides, and other multiunit molecules that have 

25 a defined sequences. See, for exair^lc, European Patent 
Application No. 83 112493.8 to Steven A* Benner and Genet- 
ics Institute. However, magnetic particles have not been 
suggested as retrievable supports for target capture and 
background removaL 

30 O&er utilizatLon of mi^netic particles has included mag- 
netic fluids in tiie blood, R. Neubauen IEEE transactions on 
magnetics MAG-^ 445 (1973); attachment of functionai 
group fcH- separation of biomolecules, U.S. Pat No. 3,970, 
5 IS to L CHaver, labelling of cdl-surface receptws, S. 

35 Margd et aL, Joun Imm. Meth. 28:341-53 (1979); attadi- 
ment to drugs for magnetic targeting during ther^utic, A. 
Senyci et al., J, App, Phys^ 49 (6): 3578 (1978). IC Wiedcr 
et aL, Pro. Soc. cf Exp. Bio. Med., 58:141 (1978), K. 
Mosbach and U. Shrocder, FEBS tetters 102:112 (1979); 

40 selective sqaration of viruses, bacteria, and other cells, R. 
Mciday et al, Nature 268:438 (1977); and incorporation of 
magnetic particles as support in gel affiiuty chromatography 
for biological polymers, Mosbach and L. Anderson, 
Nature 270:359 (1977), which are incofporated hereia by 

45 reference. 

The use of a two psrobe system to effect target capture on 
conventional non-retdevable supports has been suggested in 
an article authored by Ann-Christine Syuaneo, Matti Laak- 
sonen and Hans Sodoiund entitled '*Faster Quantification of 
^ NuclcicAcidHybridsbyAffinity-BascdHybridCoUection;'* 
Nucleic Acids Resear^ 14(12): 5037 (1986), 

SUMMARY OF THE INVENTION 

55 It is an objea of tiie present invention to provide methods, 
reagents, compositions, Jdts, and instrumentation for per- 
forming assays for target molecules of interest Other objects 
will be presented hereinafter. For convenience, without 
limitation embodiments of the present invention can be 

60 grouped into areas of target capture, bacicground c^ture, 
and combinations thereof. 

Taming first to target captmt^ an embodiment of the 
present isveation feature capture and release cycles to 
isolate target molecules. The method includes contacting a 

65 sample inedium potentially containing tai^et molecules with 
probes and a first support associated or c25)able of associ- 
ating with at least one probe under binding conditions. The 
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probes are capable of selectively reversibly binding to the 
target molecules to form a complex mcludiag the probe 
target and the first retrievable support. Next the support is 
separated from the sample medium and brought into contact 
with a second medium. Next the support is subjected to 
releasing conditions to release the target from the support 
and the support is separated from the second medium. Next 
a second support is contacted with the second medium under 
binding conditions. The second support Is associated with or 
capable of associating with at least one probe capable of 
selectively binding to the target molecule. Under binding 
conditioDs, the target fonns a con^lex with the probe * 
associated to second support for fiuthCT processing. 

Preferably, the first support is retrievable in the sense (hat 
it is capable of substantially homogeneous dispersion within 
the sample medium and can be substantially physically 
separated, retrieved, or immobinzed within the sample 
mjedium. 

Separation of the first suj^rt from the first medium 
renaoves nonspecifically bound cellular debris attached to 
the first suppoit Further binding of <he target molecule to a 
second support further concentrates the target for detection 
and permits further release-capture cycles for greater puri- 
fication. 

A further embodiment of the present method features a 
retrievable support The method includes contacting the 
sample potentially carrying target nucleic acid with a 
retrievable support in assoctatioD with a probe mciety. The 
retrievable support is capable of substantially homogenous 
dispersion within a saiiq>le medium. The probe moiety may 
be assodated'to the retrievable support by way of example, 
by covalent bindii^ of the probe mdcty to the rctrievi>lc 
suppon« by affinity association, hydrogen bonding, or non- 
specific association. 

The si^>port may take many forms including, by way of 
example, nitrocellulose reduced to particulate form and 
retrievable upon passing the sanc^le medium containing the 
support through a sieve; nitrocellulose or the matedais 
imptregnated wilh magnetic particles or the like, allowii^ the 
nitrocelulose to migrate within the sample medium upon the. 
^>plication of a magnetic field; beads or particles ^Nhich noay 
be filtered or exhibit electromagnetic |aoperties; and poly- 
styrene beads which partition to the surface of an aqueous 
mediunL 

A pr^etred embodinoent of the present invention includes 
a retrievable support con^iising magnetic beads diaractei- 
ized m their ability to be substantially homogeneously 
dispersed in a sample medmm. f^eiably* the magnetic 
beads cazry primary amine or carboxyi functional groups 
which facOitate covalent binding or association of a probe 
entity to the magnetic siqiport particies. foeferabiy^ the 
magnetic support treads are single doroain magnets and are 
super paramagnetic exhibiting no residual magnetism. The 
first probe includes a probe ligand moiety capable of spe- 
cifically binding to antiligand under bmding conditions. The 
retrievable support is capable of substantially homogeneous 
dispersion within the samjde media and includes at least one 
antiligand moiety enable of bmding to ligand under bindmg 
conditions to f onn a target-probe support complex. Next fee 
retrievable support and san^c medium arc separated to 
allow the saix^le medium to be processed further. 

Embodiments of Hic invention are suitable for ci^ituring 
target molecules from a clinical sample medium containing 
extraneous material. The order of contacting die sam|>le 
medimn with probe or retrievable support is a matter of 
choice. However, the dioicc may be influenced by the 
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kiaetics of binding between the probe and target on one 
hand, and between the probe ligand and support antiligand 
on the othet 

As applied to polynucleotide target molecules and 
3 homopolymer ligands aad antiligands, the homopolymer 
ligand and antiligand binding is generally faster than prd>e 
binding to target Probe binding to the target is stericaJly 
impaired after the probe ligand is bound to the support 
antiligand A preferred embodiment includes contacting the 
sample medium with tiie reagent and bringing the mixture to 
hyhddization conditions. Next the retrievable support is 
dispersed in the reagent and sample medium allowing the 
formation of a target-probe complex in advance of the 
formation of probe suK)cst complexes, 

A further embodiment of the present invention feamres a 
multipie probe system. 

Preferably the method includes a reagent including a first 
probe as previously desaibed and at least one second probe 
capable of binding to the target molecule and having label 
moieties capable of detection. The second probe is capable 
of fonning a target (first and second) probe-support com- 
plex. The step of separating the retrievable suppcart from the 
sample medium not only removes extraneous material from 
the target-(first and scc(»d) probe-support complex* but also 
separates any second probe wfaidi is not bound to the target 
Second probe unbound to target contributes to background 
noises^ false signals indicating the presence of target 
Further processing may ladude release of the target (first 
^ and second) probe complex from the retrievable support into 
a second medium and lebindmg of the target (first and 
second) probe con^lex to new supp<»t The first retrievable 
support may carry nonspedfically bound matenals which 
can interfere with assay procedures. Thus, after the release 
^5 of the target-probe coir^lex from the retrievable support and 
the retrievable sn^^xxts renoovai a second support having an 
antiligand moiety capable of binding to the probe ligand can 
be brought into contact wifli the target-probe con?)icx under 
binding conditions to tStci a fiirthtar cycle of target-probe 
^ binding or c^)ture for further purification and concentration 
of target-probe complex. 

FMber piocessing may include background c^ture. A 
former embodiment of die present invention includes a 
m^od ^ntoein the second probe has a second ligand 
4j moiety. The method further includes a back^ound support 
having a second antiligand moiety. The second ligand moi- 
ety and second antiligaiid moiety are capable of stably 
binding under binding conditions only when the second 
probe is unbound to die target molecule. The m^od further 
5Q includes the step of contacting a medium potentially con- 
taining second probe unbound to target with a background 
support under Innding conditions. Next the badcground 
support is separated from the medium to remove unbound 
$econd probe reducing bacli^ound noise. 
55 The term **background support** is used in die conven- 
tional sense to Include fillers and membranes as well as 
retrievable st^yports. Binding to &e background support 
does not need to be rdeasible. 
A preferred retrievable support includes, by way of 
60 example without limitation, particles, grains, beads, or fila- 
ments c^blc of dispersion widiin and s^aration from a 
medium. Methods d sq^aration include by way of example, 
without limitation* <^ filtration, centiifugation. precq)itation* 
surface fioatation, settling, or the introduction of electro- 
ns magnericfidds. 

The present method can be ^lied to polynucleotide 
target molecules. Preferably, the first and second probes bind 
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quicidy to a pdynucleotide target "in solutioa'* as opposed 
to the situatton where either the target or probe is immobi- 
lized. 

The retrievable support capable of substaatiai dispersion 
within a solution, pcxmits interactions b^een the retriev- 
able support and probes which mimic "in solution" hybrid- 
ization. In solution, hybridiatton can be completed in 
approximately 3-15 minutes. The rapid hybridizations and 
sinopiicity of the present methods permit automation. The 
present method allows nucleic acid sequences contained in 
clinical samples to be separated &om extraneous material 
allowing the methods to be applied to nonisotopic labeling 
techniques. 

An embodiment of the present method where the target 
molecule is a polynucleotide* includes contacting a sample 
medium with reagent under binding conditions. The reagent 
includes at least one first polynucleotide probe and at least 
one second polynucleotide probe. The first probe is capable 
of fanning a con^iex with die target molecule and has a first 
homopolymer Ugand moiety. The second probe is capable of 
forming a complex with the target molecule in addition to 
the first probe. The second probe includes a iabd moi^ 
which has a second homopolymier ligand moiety which is 
different than the first homopolymer ligand of the first probe. 
Next, the reagent and sample medium are contacted with a 
baclc^ound support and a target capture support The back- 
ground support includes at least one second homopolymear 
antiligand moiety capable of binding to the second 
homopolymer Hgand moiety of the second probe when said 
second probe is unbound to target The tai^et captarc 
suppott includes at least one first homopolymer moiety 
capable of binding to the first homopolymer ligand moiety 
of the first probe. The background si^spozt and die target 
capture support remove background noise and the tacget 
capture support fiiither concentrates the taiget-(first and 
second) probe con^lex f<^ farther |»ocessing and separates 
&e target-(first and second) probe conq^ex &om cellular 
debris. Fuither processing includes the detection of the label 
moiety indicative of the presence of the target molecule. 

Turning now more specifically to embodiments of the 
invention pertaining to badcground caitoe, one embodi- 
ment includes a method wherein probe and target are 
allowed to form a complex. Next uncoo^exed probe is 
brought into contact with a support under binding condi- 
tions. The support is capable of selectivety binding unbound 
probe. Next ttic support is separated from the probe-target 
convex. 

A still further embodiment <^ the present invention 
includes a method of separating a phiraHty of target mol- 
ecules for further processing. 

One en^bodimeat includes the seqnenttal addition and 
removal <^ probes specific to targ^ molecules on a plurality 
of supports. A farther embodiment includes a method which 
includes contacting a sample witii a first series probe and 
capturing the target and probe on a i^urality of supports. The 
Hsrst series probe Includes a ligand c^ble of association 
with the support. The first probe series includes probes for 
all plurality targets which are capable of binding to supports 
specific for each target moleoile. The si^)pcrts are capable 
<ji being separated from each other, the separation of which 
resttUs in individual types of target molecules being isolated 
with the support 

A further embodiment of the present invention includes a 
reagent composition. The reagent can:$)osition includes a 
firit probe and a second probe. The first probe is enable of 
forming a complex with a target molecule and includes a 
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probe ligand moiety enable of spedHcally binding to 
antUigand under bindii^ condidoas. The second probe is 
capable of foiraio^ a complex with the target molecule and 
indudcs a label moiety capable of detection. The reagent 

5 con^sition can be used to c£5>ture and detect the target in 
a sanjplc mcdiym when used with a retrievable support 
having antOigand moieties. 

A further embodiment of the present reagent coiiqjosition 
includes a second probe having a second ligand moiety 
capable of stably binding to an antiligand only in the 
situation where the second probe is unbound to the target 
molecule. The reagent composition allows background noise 
to be reduced by contacting sanq)le potentially containing an 
unbound second probe with a bacl^ound support having a 

15 second antiligand moiety. 

A farther embodiment includes a support capable of 
substantialiy homogeneous dispersion in a sample medium 
having oligonucleotide antiligands adapted for binding to 
oligonucleotide ligands on probes. 

^ A preferred enabodiment of the support includes, by way 
of exan^le, particles, grains* iilaments, and beads capable of 
separation. Means of separation include^ by way of exan^le 
without limitation, precipitation, settling, floatation, 

^ mtration, centrifugation, and electromagnetism. 

A preferred embodiment includes polystyrene beads, 
between 10-100 microns in diameter, which are capable of 
substantially homogeneous dispersion and separation &om a 
medium by filtration or floatation* Another preferred 
enlbodiment includes ferromagnetic beads. A fetromagnetic 
bead marketed under the tradensaxks BIO*MAG is capable 
of substantially homogeneous dispersion in an aqueous 
medium and can be retneved or immc^ilized by an electro- 
m^etlc fteld. The f oromagnetic bead includes an iron core 

3^ which is coated wi& an amine reactive covering. The beads 
are generally spherical and have a diameter of one micron. 
The polystyrene and ferromagnetic beads are treated to 
include antfligand moieties. 

A further embodiment of the present invention includes a 

^ kit for perfonning assays for target molecules which are part 
of a biological binding pair. In the case where the target is 
a polynucleotide having a specific base sequence, the kit 
includes a reagent wherein the reagent includes a tot 
polynucleotide probe and a second polynucleotide probe. 

45 The first and second probes are capable of binding to 
mutually Giclusive portions of ^e target to form a complex 
in whi(^ both probes are bound to die target The first probe 
is o^ble of leversiUy binding to a first st^port under 
binding conditions* and the second probe includes a label 

5Q moiety enable of detection. The kit further includes a first 
support allowing the support to form complexes wiHi the 
target and probes which can be selectively separated from 
the sample medium. 
A further embodiment of the present kit includes a second 

55 probe and a background support The second probe* when 
not bound to the ta^ct, is c^>ahle of selectively bindii^ to 
a background support. The background support is capable of 
being separated fsom a medium contatning reagent to 
remove the nonspecificaily bound second probe. 

60 Afurther en^xKttmenc of the present invention includes an 
instrument for pecfoiming assays in accordance with the 
present me&od. In the situation where the target is a 
polynucleotide, the instrument includes a reaction chamber 
adapted for receiving reagent and ta^t in a substantially 

65 mixed homogeneous state. The reagent includes a first and 
a second polynucleotide probe. Each probe is capable of 
binding to mutually exdusive portions of the target forming 



a complcjt. in which both probes are bouad to the target. The 
first probe is capable of rcversibly bindiag to a first support 
under binding condidoas aad the second probe includes a 
iabei moiety capable of detection. The instrunaeat further 
includes means for contacting a first support with the reagent 
and sampie to allow the first jrobe and target-probe complex 
to become bound to the support The instrument further 
includes means for bringing the sample, reagent and support 
to binding conditions to form, target-probe complexes bound 
to support The instrument further includes means for bring- 
ing the first probe into releasing conditions. Finally, the 
instrument includes means for separating the stsppan &om 
the sample and irom the reagent 

The tenn **reaction vessel'* is used in a taroad sense to 
include any means of containment including, by way of 
example without limitation, cuvettes, test tubes, capillaries, 
and the like. 

Suitable means for bringing the sample, reagent and 
support into binding conditions or bringing reagent and 
support into releasing conditions include by way of 
example, temperature controls which can devate or lower 
the ten^ature of the sample, reagent, and support to 
selective denature or anneal polynudeolide strands. 

Suitable means for separating the support from the 
reagent or san^le include by way of example, electromag- 
nets for use in conjunction wiii magnetic beads, fibers 
affixed to an anchcdng support, centrifuges for use with 
polystyrene grains, and the like. 

Further embodiments of the present invention include 
means for bringing the reagent and target into contact wiHi 
background suppoft under binding conditions to remove any 
second probes having label moieties which second probes 
are not specifically bound to the target 

Hmbodiments of the present instrument adapted for use 
with luminescent label moieties include suitable label exci- 
tation means. Instruments for use with fiuorescent label 
m(Heties include lasers or light emitting assemblies with 
filters to define appropriate wave leng^. Instruments for 
use with chemiluminescent label moieties include injection 
appxstm for injecting cofactors into the reaction chamber. 

The invention also features a method for assaying a 
sas^le for a target polynucleotide, which sanq)ie contains 
the target polynucle<kide and non-target polynucleotides, the 
method involving contacting the sample with a polynude- 
odde probe c^jable of forming a complex with the ta^et 
polynucleotide, substantially s^arating the ccsnplex &om 
the non-target polynudectides in the sampie, amplifying tiie 
target pdynudeotide, to form an an^lification prodiuct, and 
measuring detecting the amplified target polynudeotide. 
This method advantageously can be used in conjunction 
with the target capture and background capture steps 
described above. 

BRIEF DESORIPnON OF THE DRAWINGS 
FIOS. 1-3 are flow diagrams iUustrating steps, apparatus, 
and reagents used in methods of the invention. The term 
•TIG. 1" refers collectively to FIG. la and FKj. 16. 
Similarly, the term *TIG. 2" refits collectively to FIG. 2a 
and HG. 2b. 

FIG. 4-6 are diagrammatic rqjresentadons of capture 
amplification methods of die invention. 

FIG. 7 is a diagram illustrating features of an apparatus 
made in acc^dance with one embodiment of the present 
invention. 

HG. S is a diagrammatic representation of a genetic 
construction used in the invention. 
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DETAILED DESCRIFTION 

Turniag now to the drawings, wbidi by way of illustration 
depict piefeired embodiments of the present invention, and 
in particular FIG. 1. a me&od of procedure, with necessary 

5 reagent con^sitions, is illustrated in schematic form for an 
assay for tai^et polynucicotidc strands. Conventional assay 
technique indude many target strands, and many probe 

* strands would be used to performs an assay. However, for 
the simplicity to further an understanding of the invention, 

10 the illustration dq>icts only limited numbers of probes, 
support entities, and targrts. FIG. 1 featnires a method 
utiliziag retrievable supports. 

Step 1 of the assay illustrated in HG. 1 begins with a 
clinical sample whidi. by way of illustration, contains cells. 

j5 The cells potentiaily carry target nucleic acid, ei^er DNA or 
RNA. having a base sequence of particular interest indica- 
tive of pathogens, genetic conditions, or desirable gene 
characteristics. The clinical samples can be obtained from 
any excreta or physiological fluid, such as stool, urine, 
sputum, pus, serum, plasma, ocular lens fluid, spinal fluids 
lymph, genital washings, oi: the like. Individuals sidlled in 
the art may desire to reduce biopsy samples to single cell 
suspensions or small cluic^s by means known in the art For 
example, biopsy sanq)les of solid tissues can be effectively 

^ reduced to single cell suspensions or to small clumps of cells 
by agitating the biopsy san^le an a noixture of 0.5M sodium 
chlodde, 10 mM magnesium chlodde^ 0.I4M phosphate 
buffer, pH 6.8, and 25 Mg/ml cydohexamidc. Isolation of 
specific ceil types by established pfOced32res known in the 

^ art, such as differential cennifugation, density gradient 
centnfugation, ot other methods, can also be ^lied at this 
step. 

The cells are then treated to liberate their DNA and/or 
RNA. Chemical lysing is well known in the ait Chemical 

35 lysing can be petfoimed with the dilute aqueous alkali, for 
example, 0.1 to l.QM sodium hydroxide. The alkali also 

. sefves to denature the DNA or RNA. Other denaturization 
and lysing agents include elevated temperatures, organic 
reagents, for exan^le, alc<^ols, amides, amines, ureas, 

4Q phends and sulfoxides^ or certain inorganic ions, for 
example diaotropic salts such as sodium trifiuoi oacetate, 
sodium tiichloFoacetate, sodium pcrchlorate, guanidinium 
isothiocyanate^ sodium iodide, potassium iodide, sodium 
isothiocyanate, and potassium isothiocyanate. 

45 The clinicai sample may also be subjected to various 
restriction endonudeases to divide DNA or RNA into dis- 
crete segpients which may be easier to handle. At the 
completion of the sample processing steps, the clinical 
sample iocludes sample nndeic add, cellular debris, and 

50 impuzities. In the past, sample nudeic add was separated 
from ceUnlar debris and inqMmties by nonspecific binding of 
the nuddc add to filters or memt^mes and washing cellular 
debris and zmponties £rom die filter or membrane. However, 
in practice, some cellular debris and some in^unties, as well 

55 as nontarget nudeic add, are nonspedfically bound to the 
filter or membrane and are not removed by washes. 

An embodiment of &e present invention, as illustrated in 
St^ 1. indudes contacting die sample potentially carrying 
target nuddc add with a retrievable support in assodation 

60 widi a probe moiety. The retrievable support is capable of 
substantially homogenous dispersion within a sample 
medium. The ptrobe moiety may be associated to the retriev- 
able support by way of exanople, by covalent binding of the 
probe moiety to the retrievable suppOTt, by afSnity 

65 assodation, hydrogen binding, or n<Mispecific association. 
The support n^y take many fonss induding, by way of 
example^ nitrocellulose reduced to particulate form and 
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retrievable upon passing the sample medium containing the 
support through a sieve; nitroceliulose or Uie materials 
impregnated wi& magnetic particles or the iilce* allowing the 
nitrocellulose to migrate within &e san^le medium upon the 
application of a magnetic field: beads or particles which may 
be filtered or exhibit electromagnetic ptopeities; and poly- 
styrene beads which partition to the surface of an aqueous 
medium. 

A preferred embodiment of the present invention includes 
a retrievable support con[^>rising magnetic beads character- 
ized in their aibility to be substantially homogeneously 
dispened In a sample medium. I^eferably* the magnetic 
beads contain prxmaxy amine functional groups which facili- 
tate covalcnt binding or association of a probe entity to the 
magnetic support particles. Preferably, the magnetic support 
beads are single domain magnets and are super paramag- 
netic exhibiting no residual magnetism. 

The particles or beads naay be comprised of magnetic 
particles, although they can also be other magnetic metal or 
metal oxides, whether in impure, alloy, or con^site form, 
as long as they have a reactive surface and exhibit an atnlity 
to react to a magnetic field. Other materials that may be used 
individually or in combinatioa with iron include, but are not 
limited to, cobalt nickel, and silicon. Methods of making 
magnetite or metal oxide particles are disclosed in Vanden- 
berghe et al., '"Preparation and Magnetic Properties of 
Ultrafine Cobalt Ferrites," / of Afagnetism and Magnetic 
Materials, 15 through 18: 1117-18 (1980); E. Matijevic, 
**Mono Dispersed Metal (Hydrous) Oxide — A Fascinating 
Held of Colloidal Science,** Acc. Chem, Res^ 14:22-29 
(1981), the disclosures which arc incorporated herein by 
reference. 

A magnetic bead suitable fox application to the present 
invention includes a magnetic bead containing primary* 
amine funcdooal groups madceted under the trade name 
BIO-MAO by Advanced Magnetics, Inc. A preferred mag- 
netic particle is nonporoos yet sttU permits association with 
a probe moiety. Reactive sites not invdved in the assoctatton 
of a probe moiety arc preferably blocked to prevent non- 
specific binding of otiier reagents, impuiities. and cellular 
material The magnetic particles preferably exist as substan- 
tially colloidal suspensions. Reagents and substrates and 
probe moieties associated to the surface of the particle 
extend direcfly into the solution sucrounding &e paticie. 
Probe moieties react with dissolved reagents and substrates 
in solution with rates and yields characteristic of reactions in 
solution rather than rates associated widi sciid supported 
reactions. FUrther. with decreasing parttde size the ratio of 
surface area to volume of the particles increases thereby 
permitting more functional groups and probes to be attached 
per unit weight of magnetic particles. 

Beads having reactive anune functional groups can be 
reacted with polynucleotides to covalcmly a£5x the poly- 
nucleotide to the bead. The beads are reacted with 10 percent 
glucaraldchyde in sodium phosphate buffer and subsequently 
reacted in a phosphate buffer with ethylene-diamine adduct 
of the phosphorylated polynudeotide in aprocess which will 
be set forth in greater detail in the experimental protocol 
which follows. 

Returning now to Step 2. the retrievable support with 
associated probe moieties is brought into contact with clini- 
cal saic^le and, progressing throng to Step 3, is brought 
into binding conditions. The probe moiety specific for the 
target of interest becomes bonded to the target strands 
present in the ctinical san^le. The retrievable $i9>port 
dispersed throughout the $an^>le and reagent medium. 
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allows the probe moieties and target to hybridize as though 
they are free in a solution. 

Hybridizations of probe to target can be accon3f>Ushed in 
apfffoximately 15 minutes, la contrast, hybridizatioiis in 

,5 which either the probe or target are immobilized on a 
support not having the cspabmty to be dispersed in the 
medium may take as long as 3to 48 hours. 

Extraneous DNA, liNA* cellular debris, and impurities 
are not spcdficaEy bound to the support However, as a 

10 practical manner, a small amount of extraneous DNA, RNA, 
cellular debris, and impurities are able to and do in fact 
nonspedficaliy bind to any entity placed within the reaction 
vessel including the retrievable su^^rt. Embodiments of the 
present invention facilitate the further purification of clinical 
samples to remove extraneous DNA, RNA, cellular debris, 
and further impurities from target polynucleotides. 

Step 4 of FIG. 1 depicts the separation of the support of 
the clinical sample and the suspension of the support into a 
second medium. The second medium thus includes the 

^ rctricvatte support with the associated probe bound to target 
polynucleotide strands. Also carried with the retrievable 
support is extraneous DNA, RNA, cellular debris, and 
impurities nonspedficaliy bound to the support, but in a 
mu<^ lower concentration than what was initially found in 

^ the clinical san^)le. Those skilled in the art will recognize 
that s<HDe undesirable materials can be reduced by washing 
the support prior to suspension in the second medium. 

The retrievable support with associated probe and target 
strands suspended in the second medium is subject to further 
denaturation as set forth in Step 5 tiiercby allowing the target 
to disassociate from the probe moieties of the retrievable 
support The denaturation process may or may not release 
nonspedficaliy bound «rtraneous DNA, RNA, cellular 
debris, or impurities from the retrievable support However, 

35 St^ 5 of the present method allows the retrievable support 
to hit removed from the second miedium carrying with it 
much of the nonspedficaliy bound celltilar debris, 
in^urities, and extraneous DNA, and RNA initially carried 
over from the first dinical san^le medium. 

4Q As set fotrth in Step 6, a new support can be introduced 
into the stccmd medium under binding conditions to again 
capture target polynudeotide strands on probe moieties 
associated with the retrievahie support It wiU be recognized 
by those sJdlled in the art that the new support may actually 

45 indude the original retrievable support after recycling stqps 
to farther purify and remove nonspedficaliy bound DNA, 
RNA, cellular debris, and impurities. Thus, the only ixxipu- 
ritie* present in die second medium indude DNA, RNA, 
cellular debris^ and impurities previously nonspedficaliy 

5Q bound to die support wUch has subsequently been released 
from the first support and dissolved cor suspended in the 
second medium. 

However, such impurities can be further removed from 
the target polynucleotides by removing the second retriev- 
es able support from the second mcdfnm and again r^ating 
the cyde of introducing the retrievable support into a further 
medium, denaturation, and removal of the old support. 
Those skilled in the art wiU recognize that the magnetic 
beads described in the present inventioo are suscq>tiblc of 

^ beii^ raised out of a solution or being hdd in place as a 
solutioa is removed or added to a containment vessel. 

The ability of the magnetic beads to participate in the 
reactions wMch mimic "insolution kinetics" strands allow 
the coropletioQ of a cyde of denaturation and binding to the 

65 target to be accomplished in three to fifteen minutes. 

After suf&dent purification and concentration, the ta^et 
can be detected by luminescent or radioactive methods 
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known ia the art as indicated in Step 8, Puiificatioxi of tiie 
medium containing the target allows the detection of noniso- 
topic label moieties witiiout cellular debris and impurities. 

Turning now to HG. 2, which features a multq)le probe 
method a further embodiment to the present assay method 
is illustrated beginning with a clinical sample containing 
polynucleotide target which is processed in accordance with 
the clinical sample of the previous figure with the introduc- 
tion of solubilizing agents and reagent The reagent of the 
assay method depicted in FIG. 2 includes a first poiynude- 
otide probe strand (P^) and a second pcdynudeotide prcfoe 
strand (P^) capable of fonmng a complex with the target in 
which both probes (P^ and Pj) are bound to the target The 
first probe (Pj) is citable of associating with a retrievable 
support (S j) under binding conditions. The second probe has 
at least one label moiety capable of detectiott> The label 
moiety is illustrated in the drawings with an asterisk or a star. 
Following the introduction of a sdtibilizing agents and 
reagent under denaturation conditions, the solution contain- 
ing the clinical sanqsle potentially includes target polynucle- 
otides and reagent in the form of the first and second probes, 
plus cellular dd^ris, solubilizing agents, impurities, and 
extraneous RNA and DNA. 

Under binding conditions as illustrated in Step 2, the Qrst 
and second probe& (P^and P^) bind to mutually exclusive 
portions of the target The hybridization of the probes (P^ 
and P2) to the target in solution is n^d and unimpaired by 
association with a solid support In order to insure the 
binding of the target to the fizk and second i^be strands (P^ 
and P2) an excess of probe is employed. However, even if an 
excess of probe (P^ and Pj) were not employed* some probe- 
would fan to find target and would remain nnhybddized in 
the san^le medium. The unhybridized second probe (F^) 
having a label moiety constitutes background noise if 
present during detection. 

The first probe {J?i) is capable of binding to a support (Sj) 
by means of a ligand capable of binding to an antiligand 
moiety on a support The ligand (Lj) includes, by way of 
example, a tail portion con^irising a homopolymec The 
su{^>ort (Si) includes an antiligand ( A^) capable <^ receiving 
and bindi]^ to ligand (L|). The antiligand (Ai) indodes, by 
way of examfde, a homopolymer con^lementary to the 
ligand (Lj) of probe (Pi). 

Turning now to St^ 3^ ander bindii^ conditions &e 
antOigand nooiety (AO of support (S^) associates or binds to 
the ligand moic^ (Lj) of the flist probe (Px) which is itself 
bound to the target and linked to the second probe (Pj). The 
suppoxt may tate many forms. Beads or particulate supports 
can e disperaed in solution and partic^fate in binding with 
target probe reactions which demonstrate near in solution 
kinetics. Furlha, retrievable beads and particulate siqiports 
can separate probe-tai^et con^lexes &om nondissolvable 
debris without clogging pcot^em inherent in more conven- 
tional filters cm: membranes. 

Howevear. conventional membranes, filters, or cellulose 
supports may also be en^doyed for some applications in 
which clogging not be a problem. Due to the rapid 
hybridizaticm of the probes to target insolutioii, a soUd 
nonbead or nonparttculate mendirane or filt^ support can be 
incorporated into the reaction vessel. Ihe solution of reagent 
and sample can be passed through the support to affecttargM 
c^tnre. The support (S^) is illustrated in FIG. 2 as a 
retrievable support. 

In sohition wi& the target-probe support complex are 
unbound first and second probe moieties, unbound target 
solubilizing agents^ impurities, and cellular debris. The 
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unbound second probe (Pj) which has label moieties con- 
stitutes noise, producing a s^al which mimics the presence 
of ta^et A small amount of extraneous cellular dd)ris, 
solubilinng agents, impurities, and probes may also become 

5 nonspecificaliy bound to the retrievable support. 

In Step 4, the support (Sj) is separated firom the clinical 
sample medium. If a retrievable supped is used^ separation 
can be accomplished either by immobilizing the retrievable 
support within a reaction vessel or by withdrawing the 

10 retrievable support firom flie sample medium directly. Those 
sidlied in the art will recognize that the immobiUzed support 
can be washed to reduce undesirable material. 

Turning now to Step 5, fte target-probe support complex 
is substantially free of extraneous RNA» DNA, solubiliiing 
agents, inq>urities, and cellular material and can be moni- 
tored for the presence of the label moieties indicative of ihc 
presence of the target molecule. However, a small amount of 
extraneous DNA, RNA, solubilizing agents, inopurities. and 
cellular materials may still be nonspecxhcaily bound to the 
support (Si), Moreover* unbound, in the sense that it is not 
associated with target second probe (P^) may also be 
nonspecificaliy bound to the support (S^) and can affect 
signals from nonisotc^ic label moieties. The presence of 
unboond second probe moiety (P^) havii^ label moieties is 

^ a significant cause of background noise thereby reducing &e 
accuracy of the assay procedure. 

Thus, as an alternative Step 5, the first support (S^) may 
be suspended into a second medium where the support (S j) 

^ is sq^arated from the target-probe complex by denaturation. 
Following denaturation. in Step 6, the first sq^port (S^) is 
removed from die second medium and rq)laced wi^ a 
second support (S^), The second support (Sj) includes an 
antil^and mcHety (A^) capat^e of binding to the ligand 
moi^ (Lj) of the first probe. 

Moving to Step 7, under binding conditions, the target- 
probe complex reassodates with the second suppoit (S2). 
The remo^ of the first support (Sj) removes extraneous 
matoial, debris, and probes nonspecificaliy bound to the 

4Q first support (S^) from the assay medium. 

As illustrated in Stqp 8, the medium containing the 
target-probe catnplNi can be monitored for the presence of 
the labels. However, further purification of the assay 
medium can be performed to further reduce the presence of 

43 badi:ground and extraneous malm'als which may have been 
carried from the sample medium nonspecificaliy bound to 
the first retrievable suppoit (Si) and subsequently dissolved 
or disassociated ftom the first support (Si) into the second 
medium. 

50 Thus, the second retrievable suppat (Sj) may be brought 
into contact wi& a third medium, the medium brought into 
conditions to release die target-probe complex from the 
support, and the support removed to complete a furth^ 
cycle. The number of cycles will be a matter of choice 

5S depending on the type oi sasspiCy type of label moieties, and 
the sensitivity of the detection equipment Dififerent types of 
supp<^s may be used at different times. Thus, a retrievable 
support can be used to gather or concentrate the target-^obe 
con^lexes from sample mediums or solutions initially to 

60 avoid problems clogging typical of membranes or filters. 
The second or third supports preferably includes a mem- 
tsrane or filter with antfiigand moieties (Ai) which bind to 
the l^and moiety (Li) of the first probe (PJ. Membrane or 
filter supports can simpli^ process steps allowing fiiow- 

65 through recovery cf target-probe complexes. 

A further enibodin«nt of the present invention is particu- 
larly well suited for reducing background noise. Referring 



15 

30W to HG. 3. a modification of fee previous assay proce- 
dure illustrated in FIG. 2 is described. la FIG. 3, a target 
polynucleotide has formed a complex with a first and second 
probe moiety (P^ and Pj) similar to the probe moieties 
described in FIG. 2. However, the second probe includes a 
second ligand (L2). The second ligand (L^) may include, by 
way of example, a single temdnal ribonucleotide which 
complexes with a borate antiligand, an alternating copoly- 
mer which binds with a cort^cmcntary copolymer, a biotin 
ligand whidi binds to an avidin antiligand, or as iUustrated. 
homopolymer ligand (Lj). and a con^lementary homopoly- 
raer antiligaad (Aj). 

Turning now to Step 1. a background support capable of 
selectively binding to the second probe (P^), only when it is 
not bound to a target, is brought into contact with the 
medium containing the target-probe complex. The medium 
further includes free, disassociated first and second probes 
(Pi and P2). The labeled second probe (P^), which contrib- 
utes to the baclcground noise, is specifically bound to the 
background support (Bi) by a vast molar excess of antili- 
gand moieties (A^) associated with the background support 
(Bi). Following binding of the unbound labeled probe (P2) 
to the background support (BJ, the background support (B^) 
is removed from the medium as illustrated in St^ 2. The 
medium containing the target-probe complex can be moni- 
tored for the presence of the label contained upon &e second 
probe (Pj) with a reduction in back^ouad noise. 
Alternatively, die medium containing the target^sobe com- 
plex can be subjected to further jaocessing. 

The further processing can include further badcgroond 
reduction by repeating Steps 1 and through 3 described In 
FIG. 3 or, steps previously described in conjunction with 
FIG. 2. For example* t^^ckground reduction steps can be 
incorporated into the processing of a clinical sample as 
iUustrated in FIG. 2 at any point in which the Hgand and 
antUigand moieties of the first and second probes do not 
interfere, and the target is complexed with the first and 
second probes. 

An embodiment of the present method can practiced with 
additional amplification steps to generate an amplificadon 
product to jxvptove the sensitivity of the assay. T\2rmng now 
to FIGS. 4. 5, and 6, each Figoxe includes a Step 1 who^in 
target is captured wUh the use of a capture probe and a 
retrievable support in the form of a bead. The polynucleotide 
target includes areas defined as a^ b\ and c\ The poly* 
nucleotide probe Includes an area, "a** capable of binding to 
its complement "a^** of the target. The probe furdier includes 
a Ugand capable of binding to an antiligand associated wi^ 
the bead. As illustrated. &e ligand of the probe and ^e 
antiligand of the bead are complementary bomopolymfirs. 

In Step 2 of FIGS. 4, 5, and 6, the target is separated from 
extraneous polynucleotides, irr^xmties. cellular material, 
and solubiUzing reagents &om sample processing proce- 
dures. 

In Step 3 of FIGS. 4. 5> and 6, the isolated target is 
non-spedfiably amplified to form a multitude of amplifica- 
tion products. 

FIG. 4. Step 3, defects am^iiification of the target 0NA to 
form an amj^cation product subject to detection, con^e-' 
mcntary RNA^ through tiie enzyme, core RNA pdymexase. 
In FIG. 4, Step 3, the c^ture probe is o^lexed or coated 
with recA protein to facilitate probe target tsinding. Core 
RNA polymerase facms RNA complementary to (he DNA 
target ten^ate. As the enzyme reads through the target 
sequences* the RKA probe area "a** and subsequent new 
mucleotide sequences are removed from the tai^et which is 
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able to bind to new rec A coated probes to form a multitude 
of RNA poiynucleotidcs having an area "c" which can be 
detected. The integer "n" represents a plurality of asnpM- 
cation products. 

5 In the situation where the target is RNA, such as riboso- 
mai RNA (rRNA) or messeng^ RNA (mRNA) the target 
RNA can be replicated nonspedfically by denaturing the 
RNA and subjecting the RNA to an enzyme such as 
repUcase or reverse transcriptase. 

FIG. 5 illustrates the application of a two enzyme ampli- 
fication system. In Step 3(a) of FIG. 5, DNA polymerase is 
used in conjunction with hexamer pdmers to generate DNA 
segments which are con^leinentiy to the target In Step 
3(b), core RNA polymerase is used to form additionai RNA 

^5 con^jlements to berth target DNA and DNA target conople- 
ments. 

FIG- 6 illustrates the application of an enzymatic ampli- 
fication system based on the enzyme DNA polymerase. 
Thus, in step 3(a), the target, separated from extraneous 

^ polynucleotides, impurities and detjris, is subjected to DNA 
polymerase in conjunction with non-specific hexamer prim- 
ers. Tfw DNA polymerase generates DNA segments which 
are compkmentaiy to the initial target The new DNA 
product, formed from the target DNAt is also a substrate for 

^ replication. The target and complements are subjected to 
cycling steps to denature the target and target complements 
and to add new enzyme to create new copies of the target and 
the target oomplemcnt 

^ Following fOEniati<»i of the enzyme product. Step 4 of 
FIGS. 4-6 illustrates capture of the target and/OT enzyme 
product as previously described with a further probe and 
support The targ^ and/or enzyme reaction product are 
amenable for further process steps including detection. 

32 An embodiment of the present methods may be practiced 
with an aid of apparatus set forth in schematic form in FIG. 
7, The apparatus inchidcs the foUowii^ major elements: at 
least one costaioment vessel, means for controlling the 
assodatioo of a probe with a target molecule and a retriev- 
able support, means for separating the retrievable support 
from a sample solution, and means for releasing the target 
molecule from the rctrievaWe support These major eie- 
m^ts may take various fccms and are described more fully 
bciow. 

45 The apparatus will be described below for iliuslratios 
purposes as spplybig the m^hods described in HGS. 2 and 
3 relative to a taiget molecule whidi includes a polynucle- 
otide. Thus, at Station 1, a clinical sani^le is placed within 
the containment vessd witii solubilizing agents such as 

50 chaotropic salts, enzymes, and surfactants in order to dis- 
solve cdlnlar material and release nucleic acids* The con- 
tainment vessel may indude agitation elements to facilitate 
the break up of ceUs. The containment vessel may indude 
any type <rf vessel, tid>c, cuvette suitable for containing the 

55 san^de. 

In an instrument designed for automated analysis, the 
apparatus set forth in FIG. 7 wili preferably include means 
for recdving a pltirality of containment vessels. For illus- 
tration purposes, the containment vessels containing the 
60 sample are analyzed sequentially. Thus, containment vessels 
are conveyed to a first stadon and then to subsequent stations 
where various st^s of ttie assay method are patfocmed. 

The vjffious stations are linked by conveying means. 
Conveying means may indude a rotatable turntable, con- 
6$ veying belt or the like. As applied in a clinical hc^pital 
settings conveying means may indude manual movement 
Thus, hospital staff may obtain a tissue san^le £rom a 
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patieat and place the saiispie in the contammeiit vessel. 
Sample processing* including the breakup of the tissue 
sample and initial mixing of solnbilizing agents and reagents 
would be initiated at bedside and continued as the contain- 
ment vessel traveled to a subsequent station for further 
processing. Reference to stations are for iliustration pur- 
poses. Those skilled in the art will recognize that certain 
stations or steps may be combined or reversed. 

Returning now to the iirst station, sas^le and solubilizing 
agents are placed within a containment vessd in which an 
agitation element thoroughly mixes the sample and solubi- 
lizing agents, releasing nucleic adds from cellular materials. 
Conveying means carry the containment vessel to Station 2 
where the containment vessel receives reagent. 

The reagent includes a first polynucleotide probe and a 
second polynucleotide probe. The first and second probes 
are capable of forming a complex with the target polynucle- 
otides in which both probes are bound to mutually exclusive 
portions of the tai^et. The first probe is also enable of 
binding to a retrievable .support under binding conditions. 
The second polynucleotide probe includes a label moiety 
capable of detection. The reagent and sample nucleic acid 
are denatured by a heating element and conveyed to Station 
3. 

At Station 3. the containment vessel receives a first 
support depicted by open circles. The first support is homo- 
geneously dispersed within the sample medium by suitable 
means induding an agitation elonent Examples of suitable 
supports indude, widiout limitation, polystyrene beads, 
magnetic beads and other particulate or fUamentous sub- 
stances. As illustrated, the first support indudes a magnetic 
bead having polynudcotide antiligands of dcoxythymidinc 
(dT). The first probe indudes a tail portion of deoxyadenos- 
ine (dA) capable of bmding to the first support during 
binding or hybridization conditions. 

Moving to Station 4 hybridization conditions are imposed 
upon the san^le medium by cooling by a cooling dement 
However, those skilled in the art will recognize that means 
to alter salt concentrations can be readily substituted for 
thermal controls. Thus, the target polynudcotide forms a 
conoplex with the first and second probes. FitrtheTf the 
homtopodymer deoxyadenosine (dA) tail portion of the first 
probe hybridizes to the dcoxythymidine (dT) honftopolymfir 
of the retricvaWe supp<»t 

¥iom Station 4, the containment vessd is moved to 
Station 5 where the retrievable support is inmK)bilized on 
the wall of the containment vessel by activating a magnetic 
dement If polystyrene beads were substituted for magnetic 
beads, the polystyrene bead wodd be immobilized by fil- 
tering or denai^ differences. The sample medium is dis- 
posed of canying witii it most of the extraneous DNA, RNA, 
solubilizing agents, cellular material, and inspurities. The 
immobilized retrievable support is washed to further remove 
extraneous DNA, RKA, solubHizing agents, cellular 
materials, and in^purities. 

Furtiaer, although it is illustrated that ^ retrievable 
support is immobilized on the wall of the reaction vessel, it 
Is also possible to remove the retrievable support ^om the 
reaction vessd by a magnetic element and diispose of the first 
reaction vessd contaiidng with it extraneous DNA. RNA, 
solubiHzing agents, and cellular material which may be 
nonspedficaily bound to the reaction vessd walls. 

The retrievable si^rport Is placed in a second medium, 
diher the same containment vessd or a new contaimnent 
vesseL The containment vessd, ccHitaining the retrievable 
supped in a second medium is carried to Station 6. 
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At Station 6* the second medium is brought to denatur- 
izatiofl conditions fay suitable means including a heating 
element The denaturization process releases the target-first 
and second-probe con^lcx from the ((fT) homopoiymer of 

5 die retrievable support The first support* potentially cany- 
ing extraneous DNA, RNA, impurities, and cellular 
material, is removed from the second medium. If desired, 
amplificatioD st^ may be applied to the target, now sub- 
stantially free of in^uritics, debris, and non-target poly- 
nucleotides. An^Hflcation stq>s may include the gen«*ation 
of an amplification product with enzymes such as, by way of 
example, DNA polymerase^ RKA polymerase, 
transcriptases, or Qp replicase. In the event the air^lification 
product is not the target molecule, the second probe is 

j2 directed to the amplification product as well as a diird 
capture probe which takes the place of the first probe. A 
badcground support is then brought into contact with the 
second medium and passed to Station 7. 
At Station 7 a cooling element brings the second medium 

2Q to hybridization ten^)cratures. The background support 
includes a second antiligand capable of specifically binding 
to a ligand carried upon the second probe. For example, 
without limitation, a terminal nucleotide of the second probe 
can be synthesized to be a ribo derivative which specifically 

25 binds to borate moiety carried upon the second support. The 
second probe bound to the target as part of a probe ta^ct 
complex will not bind to the borate carried i^n the third 
suppist due to stearic hindrances. However, unbound second 
probe will specifically bind to the borate support. 

3Q Altemattvely. the sccondprobe may include a horiiopolymer 
such as deoxycytosine (dQ which binds to a deoxyguanine 
(dG) homopoiymer linker on a second suppCTi The leng& of 
the homopolymen are designed such that coo^lexes of ihe 
target-first and second probes with the second support are 

35 not stable; however, con^Iexes of the second probe alone 
with die second support are stable within reaction param- 
eters. Indeed, badc^und captmre binding of bacl^roand 
support to unbound second probe can be iireversibie. 
Next, the coBtaimnent vessel containing the second 

40 medium and the background support is conveyed to Station 
S where the background $iq;)port having second probe 
strands unbound to the taiget-probe complex is separated 
from the second medxmn. Separation of the baciqground 
suppoct removes nonspecific background noise from the 

45 medimn. 

As illustrated, background capture is effected upon beads. 
However* diose skQled in the ait wiU recognize diat the 
initial purification of the target-first and second probe com- 
plex from the clinical sample, removes all or most soUd 

50 debris aUowing background capture on filter or membrane 
supp<Hts through which the second raediam can be fiu^ed. 

From Station S, tiie piffified medimn containing the target- 
probe concplex wifii reduced background is conveyed to 
Station 9. At Station 9, a third suppostf dqpicted as a 

55 memhrane or filter, is hrougjit into contact with the second 
medium winch is l»^ou^ to hybridization tesqycratures by 
a heating element The third support inciudes first antiligand 
moieties which (Had to the first Ugand moieties of the first 
probe, or if an amplification product is generated in previous 

60 steps, to a first ligand moiety of a diird probe directed to the 
amplificati<»i product Thus, if the first ligand moiety of the 
first probe is of a homopoiymer of deoxy adenosine (dA), the 
third support may include homopoiymer of deoxythymidine 
(dT). As illustrated, the fiurd support includes filters or 

65 mend)ranes through which die second medium can be 
flushed; however, beads cr particles may also be used. The 
third support serves to further concentrate the tai^et-first and 
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second probe complex and permits ftrther reduction of 
background and interfering materials which do not specifi- 
caiiy bind to die third support. Moving to Station 10, the 
third support concentrates the target-iirst and second |a-obe 
complex allowing detection of label moieties carried upon 
the second probe. 

The present invention is further described in the following 
typical procedures and experimental examples whidi exem- 
plify features of the preferred embodiment 

L PROCEDURES 

A. Materials 

All reagents were of analytical grade or better. Magnetic 
beads marketed under the trademark BIO-MAG containing 
functionai amino groups were obtained from Advanced 
Magnetics. Inc. of Cambridge. Mass. 

In the present example, all labeled nucleotides were 
obtained from New England Nuclear. The enzyme terminal 
deoxynucleotidyl transferase (TUT) was obtained from life 
Sciences. Inc.. St. Petersbui^, Fla. The oligonucleotide 
pcfTio was obtained from Pharmacia PL Biochemicals. 

B. Synthesis of Probes 

The following sets forth typical protocols and methods. 
Referring now to FIG. S, two probes were constructed to the 
sense strand of the cnterotoxin gene elt Al of Escherichia 
coU, in accordance with the constructional map, jPKj. 8, of 
Spicer, E, K. and J. A. Noble, 1982. J. ofBiohgical Chertu 
257. 55716-55751 

One set of probes was synthesized beginning at position 
483 of the gene sequence and extending onward 30 nude- 
oddes in length, hereinafter refezred to as the A4S3 probe. A 
second probe was synthesized beginning at position 532 in 
the gene sequence and extending 30 nucleotides in length, 
hereinafter refeired to as toe A532 probe. A third probe was 
synthesized beginning at position 726 in the gone sequence 
and extending 39 nucleotides in length, hereinafter r^ened • 
to as the A726 probe. The specific base sequences (5' to 3*) 
are set forth in Tal>le 1 bdow: 

TABLE I 



i^obc Sc<|iieiiC8 

A483 AGACCXJOIATIACAGAAATCTGAATArAOC 

A552 AGATJACXZAaGrTICCCACXXJGArCACCAA 

A726 GTCAGAGGrTOACATAIATAACAGAArTCGCSGGGGGGGG 



The probes were synthesized by methods available in die art 
The numl>eting system is adapted from the 768 nucleotide 
sequence available thn^igh Ihtelligenetics sequence bank 
ECO ELT AL 

Of the ten G residues at tfic 3 prime end of probe A726, 
three guanine bases towards the 5* end are ci^ble of binding 
to diree compiemratary cytosine bases of the tox gene. 
Stretches of three cytosines are common in DNA. The ten 
guanine bases fosm a ligand capable of binding to a poly C 
antiHgand carried upon a support such as oiigo dC-cellulose. 
However, seven guanine bases will not form a stable asso- 
ciation with a si^pport at 37^ C. particularly if the probe is 
bound to target due to steric hindrance and tiie size of the 
target-probe conEi^l^. Probe A726 was modified by die 
random addition of approximately Uuree residues of ^*P-dC 
and ^^-dG to its 3' end with terminal transferase. 
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Those skilled in the art will recognize that other probes 
can be readily synthesized to other target molecules. 
C. Preparation 

The target in Example Nos. U 2 and 3 is the enterotoxin 
5 gene elt Al. The enterotoxin gene elt Al is carried as part of 
the plasmid EWD-299 obtained from Stanford University. 

In Ejtan^le No, L enterotoxigenic bacteria were grown to 
log-phase in Luria broth. The enterotoxigenic bacteria were 
lysed and fee plasmid EWD-299 isolated. The plasmid 
• 10 EWD-299 was further digested with the restriction enzymes 
Xba 1 and Hind EL A fragment of 475 base length was used 
as target and purified by electro-elutioa from a 1 percent 
agarose geL la order to follow the efSdency of capture steps, 
the firagment was 5' end labeled with ^^-AIP with the 
15 enzyme polynucleotide kinase following manufacturer's 
instructions. 

In Example Nos. 2 and 3 , the enterotoxigenic bacteria and 
wild type nonentetotoxigenic E. coli JM83 were separately 
grown to log phase. The wild type £. coli serves as a controL 

20 Separate extracts of enterotoxigenic bacteria and wild type 
bacteria were prepared by substantially solubilizing the ceils 
in diactropic solutions. Thus, the bacteria cultures, in Luria 
broth, were added to solid guaoidinium thiocyanate 
(GuSCN) to a concentratioB of 5M GuSCN, Tris-HQ to a 

25 concentration of 03M, and BETA (pH7) to a concentration 
of O.IM. The chaotropic-bacteriai solutions were then 
heated to 100° C. for five minutes and cooled. The resultant 
enterotoxigenic bacteda extract was serially diluted with 
wild type nonenterotoxigenic bactexia extract. Tbe concen- 

30 tratioQ of tax plasmids p^ cell and the cell oumiber in the 
extracts were measured by conventioDal techniques. The 
odginai extracts solubilized in GuSCN contained approxi- 
mately 10^ enterotoxigenic £. coli per ml and 100 plasmids/ 
ceil 

35 

D. Synthesis of Beads 

Retrievable supports were prepared from magnetic beads. 
Other retrievable supports include particles, fibers, polysty- 
^ rene beads or other items capable of i^iysical separation 
horn a mediunL Magnetic beads were synical separation 
from a medium. Magnetic beads were synthesized wi& an 



adduct of deoxytfaymidine of ten base length to allow the 
beads to associate with probes tailed with deoxy adenosine in 
a readily reversible manner. 

55 Thus, 100 ml of beads having amine functional groups 
sudi as BIO-MAG (M4100) beads were washed four times 
with 20 mM sodium phosphide (pH 6,7) in four 275 ml 
T-fiasks. The beads were then washed with 1% gjutaralde- 
hyde in 20 mM sodium phosphate. Next, the beads were 

60 reacted in 100 ml of 10 percent gjlutaralddiyde in 20 mM 
sodium phosphate (pH 6-7) for three hours at room tem- 
perature. The beads were then washed extensively with 20 
mM sodium phosphate (pH 6.7) and then washed once with 
20 mM pho4>hate (pH 7.6). 

65 S^arately^ a pisified ethylene diamine (EDA) adduct of 
pdTjo (EDA-dTio) was prepared in accordance with Chu, B. 
C. R. G. M. Wahl, and L. E. Qrgel; Nucleic Add Res. 11, 
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6513-6529 (1983) mcoip<»^ted by reference herein. The 
concentration of EDA-dTio was adjusted to 1 OD/ml in 20 
mM phosphate (pH 7.6). 

The EDA-cTTio was combined with the magnetic beads to 
aUow the EDA-dT^o to react with the free aldehyde groups 
of the beads. The mixture of EDA-dT^o beads was 
divided into a plurality of 50 mi polypropylene tabes. The 
tubes containing the reaction mixture and beads were placed 
in a tube rotator and agitated overnight at room ten^erature. ' 

Next liie beads were washed Ave times to remove non- 
covalently bound EDA-cfTio with a wash solution of sterile 
20 mM phosphate (pH 6.7) in large 275 ml T-flasks and 
diluted to 200 ml with the wash solution. 

For storage, beads can be maintained for months in a 
buffer of 20 mM phosphate, to which is added sodium azide 
to 0.1% and SDS to 0.1%. Bead preparations are stored at 4* 
C, protected from light 

The beads were then prchybiidized to block nonspecific 
binding sites in a buffer, hereafter referred to as "prchybrid- 
ization buffer**, of 0.75M sodium phosphate (pH 6.8), 0.5% 
sodium iauroyi sarcosine, 10 miaograms/ml E, coU DMA, 
0.5 milligram per milliliter mg^mi bovine serum aibumlp 
(BSA) (Nuclease-free) and 5 mM ethylenc- 
diaminetetraacetic acid) (EDTA), Before applying the 
probes and beads to target c^tuie procedures, two prehy- 
bridizations of the beads were perfonned. The prehybrid- 
ization procedure included placing the beads in ten volumes 
prehybcidization buffer. 

The first prehjrbridization procedure was performed with 
agitation at 60° The seccmd prehybridization procedure 
was performed at room temperature with swirling. A 0.1 
percent isoamyl alcdiol solution was added to die solutions 
as a defoamant 

The binding capacity of dTio-derivatized beads was mea- 
sured by the following procedure. In separate vessels, dTjQ 
and dAso were 5* end labeled with ^^-dT and ^^P-dA 
respectively to a sptd&c Bs:^vit^ (Sa) of about 10* dpm/- 
microgram. Next the Sa was accurately measured for a 
known quantity of reacted by tridiloroacetic acid 
precipitation. 

Next, 5 Mg of '^P-dAjo and 5 Mg <3f ^^-dTjo, having 
substantially identical Sas of between 100,000-200,000 
d^>m/nag, were separately added to tabes contaising prehy- 
bddizatlon buffer and brought to a volume of 1 ml, 

A known sartqile volume of prdiybcidized beads was 
placed into four mbes. Two of die four tid>es each receive 0.5 
ml of die ^^'dAso mixture and the remaining two tubes 
receive 0.5 ml of the ^^-dTjo mixttnc. All four s<dutions are 
brought to hybridization conditions for five minuces. Itie 
beads are thereafter immohilized and washed. The activities 
of the solutions ace then monitored. Hie total binding 
capacity^ C, ios a quantity of bead preparation measured in 
micrograms is set for^ below: 

In the above equation X is the specific activity of ^^-dT^o 
in cpm/mg, V is the volume ratio of total volume to sample 
volume. A is the average acdvity the beads suspended in 
*^P-dA solutions in qaxL and T is the average activity of the 
beads suspended in ^^-<fr solatloas in cpm. 

Those skilled in the art will recognize that other beads, 
particles, filaments, and the like can be foimulated with 
other nucleotide combinations or homopoiymers. For 
exan^Mie, polyA-derivized beads were produced by substi- 
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mting (for the purified EDA adduce of dTio) a solution 
containing 100 nig poly A (mw> 100.000) in 50 ml of 20 mM 
sodium phosphate (pH7.6). 
E. Target Capture Procedures 

5 Bead preparations were used to capture target polynucle- 
otides. The following s^s fodli a typical expcrimentai target 
capture protocol demonstrating retrievaiale supports and 
reversible captures for purposes of illustration, without 
limitation* the procedure will be discussed using a first probe 

10 A483 and a second probe A532, The first probe, A483, was 
randomly 3' end labeled with ^^P-dCTP and ^^P-dGTP to a 
specific radioactivity of about 10^° dpm/mg. The second 
probe. A532, was tniiied with about 70 unlabeled dA resi- 
dues by the enzyme terminal transferase. 

15 First 200 pg^ml of labeled probe A4S3 and 400 pg/ml of 
tailed probe A532 were mixed with varying amounts of a 
heat-denatured 475 mc Xba 1-HIND HI restriction fragment 
of the cnterotoxin gene at 65** C. for 15 minutes in L4M 
sodium (diloride, 

20 Next target capture was initiated by contracting the 
medium containing the target and probe moieties with an 
aliquot of dTto-i&agnetic beads having 3 micrograms/mi of 
dAjo binding c^dty foEowing prehybridization proce- 
dures to reduce nonspecific binding to the magnetic bead. 

25 The magnetic bead and the probe-target complex was incu- 
bated at room tempaature in 0.1 ml prehybridization buffer 
in 5 mi polypropylene tubes for two to five minutes. 

The tubes were placed into a Coming tube magnetic 
separates'. The Coming tube noagnelic separator upon acti- 

30 vati<Hi imposes a magnetic field through the polyi^oplyene 
tubes which immobilizes tiie magnetic beads on the inner 
walls of the tubes. During the time that the magnetic beads 
are immobilized on the side walls the polypropylene 
mbes. ^ original medium was removed and discarded. 

35 While immobilized, the beads were washed diree times 
with 0.6 ml of prehybridization buffer containii^ isoamyi 
alcohol as a defoamant Following the addition of the 
prehybridization buffer, the beads were resuspended by 
removing the tubes from the magn^ field and by subject- 

40 ing the medium to vigorous vortexing. 

Next, the magnetic field was reapplied to immobilize the 
be^ allowing the prehybridization buffer to be removed 
and discarded. The cycle of adding the prehybridization 
buffer, resuspending the beads^ immobilizing Uie beads, and 

45 discarding the prdiybridization buffer was tcpcsted twice. 
Target-jffobe complies held on the beads are available for 
further processing inchiding additional steps of detection^ 
background capture or further cycles of target capture. 
A prefened target c^ture procedure includes release of 

50 the target-probe complex and recapture on a second suppost. 
Preferably the support is chemically distinct firom the first 
support 

Release of the target-probe complex is effected in the 
following typical iH-otocoL After the removal of the last 

55 prehybridization buffer, prehybridization buffer was added 
to the tube containing the beads. The beads were incubated 
with agitation at 60* C. for one-two minutes to release the 
probe-target complexes from the bead. The magnetic sepa- 
rates was again activated with the temperature at 60° C. and 

60 the eluate, containing free target-probe complexes, is 
removed firom the tube. The cluate can be recaptured on 
additional retrievable supports or subjected to final capmre 
on conventional supports. will be recognized by those 
skilled in the art that the capture and release of the target 

65 probe conqjicx from retrievable supports such as the mag- 
netic beads of the present exam^ile can be repealed as often 
as desired to reduce hybridization backgrounds. 
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Final capture of the probe-target comj^cx was typically 
performed on nitrocelluiose filters <x nylon membranes 
containing nonspecificaily bound or covaientiy bouad 
dr-3000. Thus, the taiget-probe complexes carried upon the 
magnetic beads were released from the magnetic beads by 
heating the beads to 60* C. in prehybiidization buffer for two 
minutes. The beads were immobilized and the eluate 
removed and passed through a 0.2 micron acrodisc 
(Gelman) to remove magnetic fines. The nitrocellulose filter 
containing dT-3000 selected, bound, and captured the dA tail 
on the unlabeled probes. 

The use of a chemically different solid suppcrt for the 
final capture of the target-probe complex avoids binding 
background molecules which may have a high aflSnity for 
previously used supports. By way of illustration, it is pos- 
sible for lower level contaminants with a natural high affinity 
for a particular support to repeatedly bind and elate wi& a 
support along with probe-target con^icxcs. Such low level 
contaminants cannot be diluted out by repeated use of a 
retrievable support of the same composition as coni^letely 
as by exposing them to supports of very different composi- 
tions. Low level contaminants can ^so be lowered by 
utilizing chemically distinct means to release the ta^et- 
probe complexes from supports and recapture. 
F. Background Capture Procedures 

Background capture procedures penni! the selective 
redaction of background noise permitting the detection of 
signal indicative of the presence of target Background 
capture can be applied in a single probe system <x in systems 
using more than two probes. For exan^e, in baci^round 
cj^iture procedures featuring a single probe, the probe 
includes a label moiety and a iigand. The probe is capable of 
binding to a target and the ligand is C2^ble of fomiiflg a 
stable bond to a support only when the probe is unbound to 
target 

Similarly, by way of ^an^le. background cs^mire pro- 
cedures feamring nmltq>i& probes in conjtmctlon with t^et 
capture include two probes. A first target capture probe, 
having an unlabeled Ugand enable of binding to a first 
support is used to capture the target and a second back- 
ground capture probe, having a label moiety capable of 
detection includes a second Ugand capable of landing to a 
second badcground support Background c^)ture is a valu- 
able supplement to target capture for enhancing the signal to 
noise data of an assay. 

The following sets fcsth a typical background capture 
protocol using a first target capmre probe A532 and a second 
back^und capture probe A726 and a target entcxotoxin 
gene elt Al. Those skilled in die art will recogniie that the 
probes used for demonstration purposes are merely a matter 
of choice. Other probes could be used also. 

The probe A532 was tailed with approximately 100 dA 
residues equable of reversibly binding to tfTio covaientiy 
linked magnetic beads for initial target capture and dTjfx» 
nonspecifically bound to nitrocellulose for a final target 
capture. The probe A726 was end labeled with the random 
addition of apjroximately three residues of ^^P-dC and 
^'P-dG to the 3' end with terminal transferase. The probe 
A726 is c^ble of binding to dC-cellulose when the probe 
is not hybridized to targ^ 

A soiutiott containing the target-first and second-probe- 
con^lex and potentially containing unbound second probe 
is mixed with dC-cellulose and the ten^terature the 
mixture maintained at 37* C. The ten^)cra!ture» 37* C, is 
higher than the dissociation tenq}erature of dG? with oligo 
dC, preventing binding of die target-first and second-^obe- 
compiex to the dC-cellulose. The tcnq>crature is also lower 
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than the dissociation tea^jcrature of dGjo with oligo dC to 
promote bindii^ of unbound second probe having a dG tail 
to the dC-ccHulosc, Additional, the target-first and second 
probe complex is sterically hindered to a greater d^ee in its 

5 approach to the dC-ceilulose support than unbound second 
probe. The dC-ccllulose containing fte second probe A726 
is removed by centrifugation, however, those skifled in the 
art \v Ji af^jreciate that other methods such as filtration may 
be used as weE. The remainmg eluate contains target-fixst 

10 and second probe complexes and a reduced concentration of 
unbound labeled second probe A726. 

G. EXAMPLES 

Individual skilled in the art will recognize that the typical 
^2 protocols for retrievable support preparation, probe 
prqwcation, target capture and background capture are 
capable of modification to suit special needs and purposes. 
The following examples inccrporate the typical procedures 
outlined above unless otherwise noted. 

20 

Example 1 

Ta^et Capture and Assay Using Magnetic Bead 

A target capture assay was pezfonned with two probes and 
a magnetic bead r^ricvablc support. The target included the 

25 Xba 1-Hind M fragment of the enterotoxigenic gene elt Al. 
A first probe included an A532 totimcr oligonucleotide 
probe which was tailed wi& 130 unlabeled dA residues 
capable fo binding to the dTT^jj residues of the magnetic 
beads support A seccmd probe included an A4$3 tfairtimer 

30 oligonucleotide probe capable of binding to the same target 
20 nucleotides downstream from the site of hybddization of 
the first probe. The second probe was labeled by tailing the 
thirtimcr oligonucleotide with ^^-dCFP and ^^P-dGTP to a 
specific radioadtivity of 10^^ DPMteicrogranL 

35 The tailed first probe and the labeled second probe were 
incubated at 65^ C for 15 minutes in 1.4M sodium chicdde 
widi various quantities of heat denatured 475 mer restriction 
fragments of die tox gene. As a nonspecific binding back- 
ground control, the tailed first probe and labeled second 

40 probe were incubated in identical solutions in the absence of 
any target As specific binding controls, two additional 
reaction mixtures were formed. One reaction mixture 
included the tailed first probe and the unlabeled second 
probe incubated with four micrograms of denatured E. coU 

45 DNA, and a second reaction mixture of the tailed first probe 
and the labeled second probe incubated in ten micrograms of 
denatured human DNA in identical reaction mixtures with- 
out any target DNA. 
After a 15 minute hybridization period, the samples were 

so incubated for five minutes with dT-de3dvati2ed magnetic 
beads in 0.7 milliliters of 0.75 molar phosphate buffer (pH 
6.8). The beads were magnetically immobilized and washed 
extensively as described previously. Hie target-probe com- 
plex was elated from the beads at 60"" C in 0.6 milliliters of 

55 0.20 molar phosphate buffer (pH 6.8). The first set of beads 
was separated from the eluate and the target probe complex. 
A second gro^) oi magnetic beads was added to the eluate 
and brought to binding conditions to capture the target and 
probe convex again. The second set of beads was washed 

60 and the target again dated from the beads and the beads 
separated from the eluate. 

A third set of beads was added to die eluate containing die 
tai^et-probe con^lex and placed under binding conditions 
to allow the beads to once again capture the target-j^obe 

65 complex. The beads were then washed extensively and the 
target duted from the beads as previously described. The 
beads were then separated from the eluate and the eluate 



25 

passed through (fTgooo-nylon into two miliimeter square 
slots, c^taring the target-probe complex. 

^ 3000 i^yion meatene was prepared in which 2 pg 
<^3ooo was covaleatly bouad to nyion using a hybri-slot 
apparatus (Betlesda Research Laboratory). Briefly, (XT^ooc 
(Life Sciences) was dotted directly onto a nylon membme 
such as Gene-Screen^ (New England Nuclear) in a salt-free 
Tns buffer. The membrane was cfried at room teim)cratnrc 
for 10 minutes, and then dried under an infrared lanm for an 
additional 10 minutes before cooling back to room tempera- 
U2re for another 10 minutes. The filter apparatos containing 
the nylon memhrane was inverted on a uv-nransiUuminatcr 
(Fotodyne) and exposed to uv Hgjit for two minutes at 40 
uW/cm^ to cross-link the (XTj^ to the filter. 

Tfic cfTjooo membrane was prehybridized by sequentially 
passing the following solutions through the membrane' 

(1) 1% SDS; ^ 

(2) 0,5 mg/ml BSA in 0.5% SDS; and, finaUy, 

(3) prehybridization buffer 

The dTjooo-nylon potentially containing the taiget-crobe 
complex was washed with 0.2 molar sodium phosphate and 
5 miliimolar EWA. The nylon support was monitored 
ovcrmght by audioradiogn?)hy for the presence of the 
label moieties of the second probe. Following 
audioradiogr^y, the bands wa-e cot out of the filter and 
counted in base sdntiilation fluid. ITie counts were 2100 and 
1400 counts per minute in the solution containing three 
femtomoles (10~^^ moles) of a restriction fiagmcnt contain- 
ing the tox gene. Sanies c<»taining 30 attomoles (10"'* 
mdcs) of the restriction firagmcnt containing the tox gene 
produced a count of 62 counts per minute. 

A third san^e containing no DNAjwoduced seven counts 
per minute. A fourth sazopit containing ten micrograms of 
heat denatured human DNA produced 0 counts per minute. 
A fifth solution containing 4 micrograms of heat dcnatored 
E, coU DNA produced 7 counts per niinttte. The absolntcd 

sensitivity of the pr(«ocol was estimated to be 10"" of tox 
gene. Ihe ovexaU cfBdcncy of the recovery of labeled 
toigct-probc complra was estimated to be 1 to 2 percent of 
the input The assay demonstrated good specificity. There is 
no more labefcd probe in the sauries containing human 
DNA or E, coU DNA than in the sample containing no DNA 
at all Repetition of the e^>orimental protocol has produced 
overall efficiency of captisr^ of the target of almost 5 percent 
The procedures reduced background from an initial level of 
10 molecules of the labdedunhybridizcdpK^ to about 
10* moles. The reduction and background represents a 7 log 
maprovement which more than adequately coiiq)ensates for 
the reduction and efficiency of caqyturc. 

Example 2 

The present example features target capture with back- 
ground capture. Target and background capture was effected 
usmg an unlabeled first target c^rturc probe, A532 as 
described in target capture, and a second labeled background 
capture probe A726* 

First 160 ngtoi dA-tailed A532 and 40 ng^tal ^^-l^kd 
probe A726 were combined to f onn a i»obe mix. The probe 
mix wa s added to 5 pi of bacterial extract containing various 
amounts of enterotoxigenic gene. The extract-probe mix was 
mcubated at 22'* C. for 15 minutes. 

After a fifteen minute hybridizatbn period, the samples 
were dUuted with ten volumes of prehybridization buffer 
incubated for five minutes with <fr-dcrived magnetic beads 
m 0.7 ml of 0.75M phosphate buffer (pH 6.8) to effect target 
capture. Hie beads were magnetically immobilized and 
washed extensively. The target-first and second i^obe com- 
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plex was eluted from the first support as previously 
described and tlie first solid support removed. 

Next, the cluatc containing the target-first and second- 
probe-conipicx and potentially containing tinbound second 

5 probe was mixed with dC-cellniose and the temperature of 
the mixture maintained at 37° C. The ten:^ature 37=* C. is 
hi^er than the dissociation temperatore of dGj with oligo 
dC to prevent binding of the target-first and second-probe- 
complex to the dC-ccilulose. The temperature was also 

10 maintained lower than Ae dissociation ten^erature of dG^o 
with oligo dC to promote binding of unbound second probe 
having a dGjo tail to the dC-cellulose. The target-first and 
second probe complex is- stcrically hindered to a greater 
degree in its approach to the dC-cellalose support than 

13 unbound second probe. The dC-cellulose was removed by 
centrifiigation, however, those sldlled in the art will appre- 
ciate that ofter methods such as filtration may be used as 
well. 

The remaining elnate was passed through a 0.2 microD 
20 acrodisc (Gdman) to remove magnetic and ceiluiose fines. 
Then, the eluatc was passed through nitroceDulose filten 
containing at 22* C The nitrocelluiose effected final 
target capture. 

Table 2 sets forth below the application of background 
25 capture: 
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.35 



Step 

First Ki^iTiimftnt 

Before Tn;^ Cz^tan 
After Target Cxpbaxt 
After Btdpgrcuod Captm 
Ader Filtniticsi 



Before Taijct Capture 
After Tktget CapQtte 
After Bacfegraood C^tare 
fPi3trfltioo step 
was laot perfccmed) 



Signal 



(UOiDOWB) 

1058 
495 
395 



(uoksowa) 



Noise 
(CPM) 



200,000 
231 
25 
<1 



400^ 
642 
69 



The removal of noise to less than 1 cpm aEows the detection 
of very smaH quantities of target within a san^le. As little 

45 as Itr ^* naoles of target have been detected which is within 
the range necessary for clisical 4>plications. 

One round of target c^ture removed about 3 logs of 
background. One round of background capture removed 1 
log of badcground ctot aliea<fy removed by the pnmary target 

50 capture. Hnal target admire by filtration (a second round of 
target capture) removed 2 logs of background not removed 
by either of ^e first two st^ Target and background 
capture methods worklndependenfly to reduce backgrounds 
by about 6 logs in Ms example. Background capture appears 

55 to work beto when applied after a first target capture. 
Apparently, background capture 15 much more sensitive to 
inxpurlties in the sample than target capture. 

The comhinaiion <^ background capture following ta^et 
capCure produces a greater benefit than either applied alone. 

60 Although the foregoing exan^ics recite radioactive label 
moieties, it is expected that the present procedure would 
have its greatest impact on assay procedures utiHzii^ non- 
radioactive label moieties. In particular, the present inven- 
tion would be applicable to luminescent label moieties 

' 65 induding fiuorescent and chemilumtnesceat agents. Suitable 
fluorescent labels include, by way example without 
limitation^ fiuoroscein, pyrene, acridine, sulforhodamine, 
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eosiii. erythrosin, and derivatives thereof. Suitable diemi- 
luminesccnt agents include, by way of exan^le without 
limitation, microperoxidase, luminoL isoluininoL glucose 
oxidase, acridinium esters and derivatives thereof. 

Example 3 

The following example features nonradioactive label moi- 
eties and muitipie rounds of target c^ture from spiked 
biological media. The spiked biological media resembles 
sair^les which would be obtained clinically in a medical 
setting. 

Cell extracts of enterotoxigenic E. coU and wild type E. 
coil were prepared as previously described To measure the 
sensitivity of the detection of tox genes in an environment 
analogous to a clinical setting, extract containing toxigenic 
bacteria was diluted with the extract containing the wild type 
£. coU as previously described. 

The following materials were obtained from anonymous 
donors; human stool san^le, cow's milk, human saliva, 
human phlegm, human whole blood, human serum* human 
urine and human semen. Ginical-type samples were solu- 
bilized over a time period of ten minutes. The stool sample, 
due to its solid nature, was solubilized in a solution of 5M 
GuSCN, 03M IWs-Ha (pH 7.4), O.IM EDTA (pH 7), 1% 
betamerc^toethanoL Following soiubiUzatioa, aliquots of 
the sample were made and each aliquot was spiked with a 
known quantity of either toxigenic E. coli or wild type E 
coil The mdxtuie was then passed through a crude filtration 
(Biorad Econocoluran) and heated to 100** C. for five 
minutes. 

The remainder of the sanqjles were more liquid in nature 
and were handled differently than stool. liquid samples 
were added to solid GuSCN to make Ae final concentration 
5M. The solid GuSCN also contained sufficient Tris-HCl 
EDTA, and betamercaptoethanol to make the final concen- 
trations the same as in the stool example. Next aliquots of 
the san^les were made and each aliquot was spiked with a 
known amount of toxigenic £. coU or wild type E, coU. The 
mixture was passed through a crude filtration (Biorad 
Econocolumn and heated to lOO* C for five minutes. 

The preparation of probes in Hxan^le 3 differs firom 
previous examples. A first capture probe was generated with 
the plasmid pBR322. The plasmid was restricted with Hha 
I and Hae HI and plasmid ftagments were tailed with about 
100 dA residues with terminal transferase. The target plas- 
mid contains extensive homology with pBR322 (Spicer and 
Noble, y. BioL 257: 5716-21). Thus, first capture probes 
were generated ficom mult^le tiagments of both strands of 
the plasmid pBR322 in relatively large quantities. 

A second labd probe was made to comMne specifically to 
the targ^ enterotcxin gene. The second label probe was 
generated from an EcoRI-Hind Hlrestriction fragment of the 
elt Al gene cloned into bacteriophage M132X$I8. The coU 
HBlOl was infected with the bacteriophage and grown to 
midlog phase. Hie E, ceil were harvested, and the bacte- 
riophage were isolated. Bacteriophage was nick-translated 
wilh biotinylatcd dCTP (Enzo-Biochcmicals) using a stock 
nick-translation kit available from Bethesda Research Labo- 
ratories. Approximately five percent of the nucleotides were 
replaced with biotinyl nucleotides to form a biotin-labeled 
second probe. 

A probe mix was made by combining 8 M^ml of &e 
second M13-tox probe with 4 ^ig/ml of the first dA-tailed 
first probe in 20 mM Tris-HQ (pH 7.4) and 2 mM EDTA. 
ITie probe mix was heated to lOO* C. for ten minutes to 
denature the probes. 
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One volume of the probe mix was mixed wifli one volume 
of sample of the dilution series to form a fayhridization 
mixture. The hybridization mixture was maintained under 
hyhridizatioo conditions at 57*= C. for fifteen minutes. The 

s hybridization mixtures were subsequently diluted with ten 
volumes of blocking buffer 0.75M sodium phosphate, pH 
6.8, 0.5% sodium lauryl sarcosine, 10 mg/ml E. coU DNA. 
0.5 mg/ml bovine serum albumin (BSA-nuclease free) and 
5 mM EDTA). To the hybridization mixture were added 

10 dTio derivized magnetic beads prepared as previously 
described, Hydridization conditions were maintained 
apiH-oximatdy one minutse at 22° C. The beads were then 
separated from the hybridization mixture by magnetically 
immobilizing the beads. The beads were washed twice 

15 durins a fifteen minute time interval to remove impurities in 
the bioiogicai specimen and unhybridized biotin labeled 
second probe. 

Next, in a time period of ^Jproximately one minute, the 
first and second probe-taiget complex was eluated from the 

20 magnetic beads at 65** C in blocldng buffer. The eluate and 
the first beads were s^arated. 

In a time period of approximately seven minutes, the first 
and second i»:obc-taigct complex was releasibly bound to a 
second set of beads and again released. A second set of dT^o 

^ derivized beads were then added to fee eluate and hybrid- 
ization conditions maintained for ^>proxiniately one minute 
at 22* C. The beads were then washed and resuspended in 
blocking buffer. The bead blocking buffer mixture was then 
brought to 65* C. to release the first and second probc-targrt 
complex. 

Over a time period of five minutes, final capture of the 
first and second joobe-target complex on nitroceilulose was 
effected. The eluate from the second beads was filtered 

2j through a Gdman acrodisc {02 micron). The eluate con- 
taining the first and second pax)be-taiget con^lex was then 
passed through a dlaooo nitrocellulose filter (prehybridized 
with blocking buffer) at 22** C. 
In a time period of approximately thirty minutes the filter 

4Q was fortiicr processed to detect the hiotin labels of the 
second probe. Buffer compositions used in d^ection are 
identified below in Table 3. 



TABLES 
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Detection Buffers 


Bu&r 




Nimiber 


Conxpontioo. 


1 


1 M NaCl, 0.1 MTHs-Ha (pH7.4), 5 mM MgCl,, 




0.1% IWcesrX 


Iz 


No. 1 witb 5 mg/ml BSA, 10 minogruns/tttl 




£ eoli DNA 


2 


No. 1 with 5% BSA, 0.5% 'IVeeQr20 


3 


0.1 M Nad, 0.1 M THs-Ha <pH 9^ 50 mM MgClj 
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First the filter carrying the fint and second probe-target 
complex, was incubated for approximately five minutes in 
detection buffer No. 2. 'SoiU the filter was incubated for five 
minutes in a 1:200 dilution of strepavidin-alkaline phos- 

go phatase (Betiiesda Research Laboratories) in detection 
buffer No. la. ThereaftcTt the filter was washed three times 
in one minute in d^ection buffer Na 1 and then washed 
twice in one minute in detection buffer No. 3. 
Next, 5-Br<Miio4-chlorO"3-indolyl phosphate (BOP) and 

65 nitiobhie tetiazolium (NBT) (Kierkegaard and Perry) were 
diluted twelve times in detection buffer No. 3, and filtered 
through a 0.2 micron acrodisc. The diluted BOP and NBT 
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solution was added to &e filter and color allowed to develop 
for fifteea mmutes at 37° C. 

Next, the filter was incubated in 50 mM Tris-HQ (pH 7.4) 
and 10 mM EDTA for one minute to stop the reaction. 
Sensitivity was determined visuaUy on the filter or by 
densitomctric scanning on a CS 930 (Shimadzu Scientific). 

The steps in the present method are outlined below in 
Table 4. 



TABLE 4 
_Ehpsed Ttme 





Time 


OuQDmlative 


Step Number 


Requited 


Tmxd 


(mia) 


(mm.) 


1. DissohidoQ of biological san]ple; 


10 


10 


denatoratioa of DNA 






2. Add labeled and ualabeied probes; 


15 


25 


hybridize in solutioa at 57* C. 






3. Capture probe-target ooaphsx 


1 


26 


on magnetie beads 






4, Wash magnetic beads to remove 


15 


41 


impurities in dae btological 






specanen aod bybridizatkn 






badcgtousds 






5. Elute the pcobe-taigec complex 


1 


42 


6. Repeat steps 3-5 on a second 


7 


49 


set of beads (exc^ abbreviate 




the wa^) 






7. Bind the probe-target cotnplez to 


5 


54 


dTaooo-aitrocelhilDse 






S. :&heubate fijter in blocking bc^ 


5 


59 


9, Bind lArBptavi^n-aOcaliDe ^uspitatase 


5 


64 


10. Wash 


5 


69 


11. Add dyes to detect emyiue 


15 


S4 


12. Quench xeactiMi 


1 


85 



Although Table 4 set forth an exan^lc whcrdn the 
elapsed time is just over one hour, the procedure is capable 
of modification and can be perfonned in shorter times. 
Nonradioactive probe assays of comparable sensitivity may 
require twelve hours to several days and require extensive 
sample preparation. 

The sensitivity of flie present assay is set forth in Table 5 
below: 



TABIDS 


S 


tenakivitT Level 












tntiie 




Biological 


Hybridizaliaa 


Number of 


Spechnen 




Bacteria 


bacterial eoEtnct alone 




1500 


hiirftan stool 
ccw'sndOc 


ZS% (W/Y) 


2000 


115% (yN) 


3000 




12.5% (vN) 


3000 


^M^^^ isQie 


12.5% (Yfv) 


9000 


hnnunaenMn 




9000 


human Mood 


1Z5% {yh) 


9000 




1X5% {yfy) 


9000 




VL5% (y/r) 


5000 



Fortiier, the jaresent procedures are capable of farther 
modifications to liqprove sensitivities. For cxssD^e, a com- 
bination of thermal elation and chemical elutioa in miiltq>le 
captured release cycles produces a signal to noise ratio five 
times better than single forms of elution, eidier mnlt^e 
thomal elutions alone or multiple chemical elutions alone. 

Applying the same releasing or elution procedure tends to 
release the same background &om the support. However, 
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applying different releasing conditions tends to retain back- 
ground on the support that would otherwise be eiuted. It is 
unlikely that baci^ound will behave identically to target 
under two physically or chemically distinct conditions. 
5 A typical chemical elution of target-probe complexes on 
magnetic beads includes bringing beads in contact with 3 M 
GuSCN for one minute at room ten^)cratnre, Exan^ies of 
thermal clutions have been described previously. 

The ability to detect bacteria would also be inq)roved by 
directing parobes to ribosomai RNA sequences. Ribosomai 
RNA sequences present to thousand fold increase in target 
per cell as compared to genomic DNA and clinically s^- 
nificant piasmid DNA, 

^ J The sensitivity of the above DNA or RNA target capture 
methods can be enhanced by amplifying the captured 
nucleic adds. This can be achieved by non-spediic replica- 
tion using standard enzymes (polymerases and/or 
transcriptases). After replication, the amplified nucleic acid 
can be reacted as above wkh ci5)ture probe, reporter probe, 
and capture beads to purify and then detect the amplified 
sequences. 

In addition, where an^lification is en^loyed following 
purification of the target nuddc adds as described ^ve. 

25 the amplified nucleic adds can be detected according to 
other, conventional methods not employing the capture 
probe, rqwrter probe, and capture beads described above, 
i.e., detection can be carried out in solution or on a support 
as in standard detection techniques. 

30 Amplificatioa of the target nudeic add sequences, 
because it follows purification of iht target sequences, can 
employ non-specific enzymes or primers (i.e., enzymes or 
prxmen whidtx are cj^ble of causing the replication of 
virtually any nucleic acid sequence). Although any 

ss background, non-target, nuddc adds are replicated along 
witii targo, this is not a problem because most of the 
background nucldc adds have been removed in the course 
of the c^>ture process. Thus no spedally tailored primers are 
needed for each test, and the same standard anqjiification 

40 reagents can be used, regardless of the targrts. 
The following are examples of the method. 

Bxample 4 

45 The following example illustrates fee use of RNA poly- 
merase to an^lify target DNA c^>turcd by a method which 
is a variation of the capture method discussed above. 

Referring to FIG. 4, tai^et DNA of a sanqAe is first 
reduced in size by shearing or by limited nuclease digestion, 

50 according to standard methods. A recA pfotein coated cap- 
ture probe is then added to tiie digested target DNA (Proc. 
Natl Acid. Scu JJJ&J^ (1986) 83:9591) The recA protein 
coated probe contains a nucldc add sequence (a) that is 
homologous to a first target (a^) sequence of the target DNA, 

55 ^ well as a homopolymer sequence homologous to a nucleic 
acid sequence on a capture bead. This admire bead is then 
added to the mixture to isdate and purify dse target nucleic 
add, as described above. 
The capture DNA is amplified by treatment of the mixture 

60 wi^ E. coU RNA polymerase lacking sigma subunit, ie., 
core enzyme; E, coli RNA polymerase is described by R. 
Burgess in RNA Polymerase^ Cold Spring harbOT press, pp. 
69-100, and can be purchased &om New England Biolabs, 
Beverly, Mass. The sigma subunit is removed according to 

65 the procedure described in J. BioL Client (1969) 244:2169 
and Nature (1969) =22i=:43. Other phage or bacterial RNA 
polymorases that lack transcriptional spedfidty can also be 
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used. Core enzyme is added together with nucleotide triph- 
osphates and a low salt transcription buffer such as described 
in Eur. J. BiochenL (1976) 65:387 and Eur. J. Biochem 
(1977) 74, 1107. 

A suitable nucleotide trif^osphate/transcr^)tion buffer 
solution has the following composition: 

0 to 50 mM NaCl or KQ 

25 mM Tris HQ pH 7.9 buffer 

10 niM MgQj 

0.1 mM EDTA 

0.1 mM dithiothreital 

0.5 mg/ml BSA 

0.15 mM UTR OTP. CTP. ATP 

The resulting non-specific transcription of the target DNA 
produces many RNA transcripts of the target DNA which are 
then captured using a capture probe containing a sequence 
(b^) homologous to a sequence (b) of the RNA transcripts. 
A reporter probe containing a sequence (c^) homologous to 
another sequence (c) of the RNA transcr^t is then used for 
detection. 

Example 5 

In diis exam$)le both noo-spedfic replication of targ^ 
DNA and transcription of that DNA are used to amplify 
capture target DNA. 

Referring to FIG. 5, denatured sample DNA is captured as 
described above and the enzyme DNA pc^ymerase (for 
exan^)lc. Klcnow fragment; Dur. J. Biochem, (1974) 45:623 
available from New England Biolabs), random oHgohex- 
amer primers (Le., Hexamers prqiared to contain randomly 
selected bases at each nucleotide position in the hexamia) 
and deoxynucleotide tn^hosphates are added in appropriate 
buffers to cause replication of target DNA to form additional 
double stranded DNA. Suitable oligohexamer pdm^ are 
available under catalog No. 27-2166 from Fhannacia* Lie. 
Hscotaway, NJ. A suitable deoxynucleotide triphosphate/ 
buffer solution has the following con^osition: 

66 mM gJydne-NaOH buffer, pH 9.2 

6mMMgCl2 

1 mM 1-mercaptoethonal 

30 mM each d CTP, d CTTP, dTTP, d ATP 
Because the primers are random, some wHl, simple as a 
matter of statistics, bind to and cause replication of sample • 
sequences, no matter what those sequences are. 
(Altemadvely, the dottle stranded DNA can be formed by 
synthesis starting from cs^ituie pcobe a.) RNA polymerase 
laddng sigma subunit is then added along with nucleotide 
triphosphates and low salt transcription buffer. Ihmscription 
from the target DNA (which has been increase d in number) 
produces many RNA copies of ^ DNA. The RNA tran- 
scripts are then captured and detected as in example 4. 

Bitaii^le 6 

In this exanq>le target DNA is replicated using DNA 
polymerase. 

Refening to HG. 5, sazx^le DNA is denatured, reduced in 
size and c^tured as described in examples 4 axxl 5. DNA 
polymerase, for examfdc, Klenow fragjnent, and deoxy- 
nudeotide triphosphates are added in appcopasic buffer with 
random hexamcr oligonucleotides to bring about non- 
specific double-stranded DNA syntheses. The in vilro syn- 
thesized DNA product is tticn nude single stranded by heat 
treatment (e.g., IOC* C. for three minutes), or its equivalent, 
and additional DNA polymerase Is then added to replace that 
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rendered inactive by the heat treatment Further in vitro 
DNAreplication then is allowed to occur. The heat treatment 
and polymerization reactions are repeated about 10 times to 
produce an approxinaatdy 1,000-fold increase in the level of 
5 target DNA. Tlie replicated DNA is denatured in vitro using 
heat or alkali and tiien captured and detected as described 
previously^ 

Example 7 

10 la this example, rRNA or RNA transcribed from target 
DNA is purified using a capture probe, described above. The 
hybrid duplex is then denatured and single stranded nucleic 
acids arc then replicated non-spccifically using Qp replicase 
(methods in Enzymology (1979) 60:628. This replicase 

15 repHcated both messenger RNA and ribosomal RNA non- 
spccifically under the conditions described by Blmnental, 
Proc. Natl. Acad Sd. U.Sj^ 77:2601, 1908. Because the 
replication product is a template for the enzymCf tiie RNA is 
replicated exponendally. 

20 While prefcned embodiments have been illustrated and 
described, it is understood that the present invention is 
capable of variation and modification and tliexefoce, should 
not be limited to the precise details set forth, but should 
include such dianges and alterations that fail widiin the 

25 purview of the following claims. 
We claim: 

1. A rn^od for an^lifying a target polynucleotide con- 
tained in a sample comprising the steps of: 

(a) contacting the sampLe with a first support which binds 
^ to the target polynucleotide; 

(b) substantially separating the $iipp<»t and bound target 
polynucleotide £rom the san^le; and 

(c) anqjtlifying &e taiget polynucleotide. 

2. The noethod of datm 1 wherein Ae first support is 
retrievable* 

3. The method of daim 1 wherein the first support 
indudes a probe which binds with the target polynucleotide. 

4. Hie method of claim 1 whorcin the target polynucle- 
^ otide is anqilified with a polymerase. 

5. The method of claim 4 wherein the polymerase is a 
DNA polymerase^ an RNA polymerase^ a transcriptase or 
QP replicase. 

If. The me&od of daim 4 wherein the target polynude- 
^ J otide is a DNA poiynudeotide and the polymerase is a DNA 
pclynamse. 

7. A method for detecting a target poiynudeotide con- 
tained in a san^ie comprising the steps of: 

(a) contarting the sample with a fint support which binds 
to the target p<^ynucleotide; 

(b) snbstantially separating tfie first stqrport and bound 
targ^ polynucleotide from the samjde; 

(c) am|d^fying &e target poiynudeotide; and 

(d) detecting the pcesence of the an^Ufled target poty- 
55 ttudeotide. 

8. The me&od of daim 7 wherein the first support is 
retrievable. 

9. The method of daim 8 wherein the first support 
indudes a probe which binds with the ta^et polynucleotide. 

«o 10. The method of daim 7 herein the target poiynude- 
otide is amplified with a polymerase. 

11. The method of claim 1* wherein the polymerase is a 
DNA polymerase* an RNA polymerase, a transcrq)tase or 
replicase. 

65 12. The method of daim 11 wherein the target polynucle- 
otide is a DNA poiynudeotide and the polymffase is a DNA 
polymerase. 
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13. The method of claim 7 wherda the an^Med tai^ct 
polynucleotide is cootacted with a label 

14. The method of daim 7 wherein the an^jlified target 
polynucleotide is contacted with a labeled probe. 

15. The method of daim 7 wherdn the amplified targrt 
polynudeotide is contacted with a second support which 
binds to the amplified target poiynucleotide. 

16. The method of claim IS wherein the anaplified target 
polynudeotide is contacted with a labded probe. 

17. The m^od of claim 16 wherein the target polynude- 
otide is amplified with a polymerase. 

IS. The method of daim 17 wherein the target polynude- 
otide is a DNA polynudeotide and tiie polymerase is a DNA 
polymerase, 

19. A mediod for detecting a target polynudeotide con- 
tained in a sample comprising the steps of: 

(a) contacting the sample with a first support which binds 
to the target polynucleotide; 

(b) substantially separating the first support and bound 
target polynudeotide &om the sanq>le; 

(c) amplifying the sample with a DNA polymerase; 

(d) contacting the amplified target polynudeotide wi& a 
second support which binds to the amplified target 
polynucleotide and also with a labded probe which 
binds to die amplified target polynacletide; and 

(e) detecting the presence of &e amplified target poly- 
nudeotide, 

20. A kit for detecting a target polynudeotide contained in 
a sanq)ie compcising: 

(a) means for substanttaliy separating the target poly- 
nudeotide firom the sample; 

(b) means for amplifying the target polynucleotide; 

(c) means for binding the amplified target polynudeotide 
to a solLd support; and 

(d) means for labeling tiie amplified target polynudeotide. 

21. The kit of daim 2^ wherein: 

(a) the ineans for substantially sq>arating the target poly- 
nudeotide firom the san^>le indude a first support; 

(b) the means for ampii^g the target polynucleotide 
indude a polymerase; 

(c) the means for binding that an^lified target polynude- 
otide to a solid support indude a capture probe which 
binds to &e solid support and to die amplified target 
polynudeotide; and 

(d) a detector probe for labeling the ampiified target • 
polynucleotide. 

22. The kit of daim 21 furtfaex comprising a csptisre probe 
which binds to the first support and to the target 

23. The kit of daim 22 wherein the polymerase is a DNA 
polymerase and the doctor probe is labeled. 

24. A kit for anylifying a target polynucleotide contained 
in a sample conqitising: 

(a) means for substantially separating the targ^ poly- 
nudeotide firam die saxt^le and 

(b) means for amplifyiiig the target pdynuclcotide. 

25. The kit of daim 24 wherein: 

(a) the means for substantially separating the target poly- 
nudeotide from the sample indudes a support whidi 
binds to the target polynudeotide and 

(b) the means for amplifying the target polynudeotide 
indudes a polymerase. 

26. The kit of daim 2S wherein: 

(a) &e polymerase is a DNA pdymerase; and 

(b) &e means for substantially separating die target poly- 
nudeotide &om the sample indudes a probe which 
binds to the target polynudeotide and the support 
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27. A method for an^iifying a target polynucleotide 
contained in a sample m«iium comfwising the steps of: 

(a) contacting the sample medium witii reagent compris- 
ing a first nucleic acid probe which binds to the target 

5 to form a probe-target complex; 

(b) contacting the san^>le medium with a support which 
binds to the first nucleic acid probe of the probe-target 
complex; 

(c) substantially separating the support and bound probc- 
10 target complex from the sample medium; 

(d) contacting the support and bound probe-target com- 
plex with a second medium; 

(e) releasing the probe-target con^)lex into the second 
medium; 

(f) substantially separating the supp^t from the second 
medium; and 

(g) amplifying the target polynucleotide. 

28. A method for detecting a target polymicleotidc con- 
^ tained in a sample medium comprising the steps of: 

(a) contacting the san^le medium with reagent cours- 
ing a first nucleic add probe whidi binds to the target 
to form a probe-target con^lex; 

(b) contacting the sanqyle medium with a support which 
25 binds to the first nuddc add probe of the probe-target 

convex; 

(c) substantially separating the support and bound probe- 
target complex from the san^le mcdima; 

(d) contacting the support and bound probe-target com- 
30 plex widi a second medium; 

(e) releasing the probe-target con^>lex into the second 
mediun^ 

(f) substantially separating the support from the second 
medium; 

(g) an^slifying die tat;^t polynudeotide; and 

(h) drtectii^ die presence of the target polynudeotide. 

29. The method of detecting a target polynudeotide of 
claim 28 wherdn the target polynucleotide is amplified with 

^ a polymerase. 

The noethod for detecting a target polynucleotide of 
claim 29 wherein the polymerase is a DNA polymerase, an 
RNA polymerase* a transcriptase, or QP repiicase. 

31. The method for detecting a target polynucleotide of 
claim 30 wherein die polymerase is a DNA polymsase. 

32. The method for an^lifying a target polynudeotide of 
claim 27 wherein the target polynucleotide is amplified with 
a polymerase. 

33. The mcdiod for anq^ifying a ta^rt polynudeotide of 
claim 32 wherein Ae pdyinerase is a DNA polymerase. 

34. A noyethod for mxpUfying a target polynucle<^de 
contained in a san^le meditmi comprising the steps of: 

(a) contacting the sanq>le medium with a support and a 
probe whidi binds to the target polynucleotide and the 

55 support; 

(b) substantially separating the support and bound probe 
and target polynudeotide from die sample medium; 

(c) contacting the support and bound probe and target 
polynucleotide wi& a second medium; 

60 (d) releasing the target polynucleotide into the second 
medium; 

(e) substantially separating the suppcft and bound probe 
from the second medium; and 

(f) ampUfymg the target polynudeotide, 

65 35. The method fac amplifying a targ^ polynudeotide of 
claim 34 wherdn die tax^ polynudeotide is amplified a 
polymiBrase. 
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36. pc method for an^lifying a target polynucleotide of 
claim 35 wherein the polymerase is a DNA polymerase, an 
RNA polymerase, a transcriptase or QP repiicase. 

37. The method for amplifying a target polynucleotide of 
claim 36 wh^dn the polymerase is a DNA polymerase. 

38. A method for detecting a target polynucleotide con- 
tamed in a san^ie medium con^ising the steps of: 

(a) contacting the sample medium with a suppwt and 
probe which binds to the target polynucleotide and the 
support; 

(b) substantiaUy separating the supp<at and bound probe 
and target polynucleotide from the sample medium; 

(c) contacting the support and bound probe and target 
polynucleotide with a second medium; 



36 

(d) releasing the target polynucleotide iDto the second 
medium; 

(e) substantialiy separating die support and bound probe 
f<rm the second mediani; 

(f) amplifying the target polynucleodde; and 

(g) detecting the presence of the amplified target poly- 
nucleotide. 

39. The method for detecting a target polynucleotide of 
claim 38 wherein the target polynucleotide is amplified with 
a polymerase. 

40. The method for detecting a target polynucleotide of 
claim 39 wherein the polymerase is a DNA polymerase. 
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Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

REISSUE DECLARATION UNDER 37 C.F.R. S S 1.172 and t .17S 

As a duly authorized representative of the assignee of the entire mterest in this patent, I, 
Norval B. Galloway, do hereby state and declare as follows: 

1 . I am the Patent Counsel of Vysis, Inc., the Assignee of the entire right, title, and 
interest in U.S. Patent No. 5,750,338 by virtue of an assignment from the inventors to Amoco 
Corporation m a predecessor application (U.S. Serial No. 07/136,920), recorded at Reel 4843, 
Frame 0373, and by virtue of a subsequent Assignment of Patents and Apphcations from Amoco 
Corporation to Vysis Inc (copy attached to the Consent of Assignee, Offer to Surrender Original 
Patent, And Statement Under 37 C.F.R. § 3.73(b), filed herewith). Accordingly, I am 
empowered to sign this paper on behalf of the Assignee. 
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2. I believe that Mark L. Collins, Donald N. Halbert, Walter King, and Jonathan M. 
Lawrie are the original joint inventors of the subject matter which is described and claimed in 
United States Patent No. 5 ,750,338, granted on May 12, 1998, and for which a reissue patent is 
sought on the invention entitled "Target and Background Capture Methods with Amphfication 
for Affinity Assays." 

3. I have reviewed and understand the contents of the above-identified specification, 
including the original patent claims, and the claims in the Preliminary Amendment filed 
herewith. I also beheve that the claims in the Preliminary Amendment do not enlarge the scope 
of the claims of the original patent. 

4. I acknowledge the duty to disclose information that is material to patentability and 
to the examination of this reissue application in accordance with 37 C.F.R. § 1.56. 

5. I beheve that U.S. Patent No. 5,750,338 is partially inoperative because, without 
any deceptive intention, the inventors claimed less than they had the right to claim in the patent. 

6. An error which is a statutory basis for reissue is that the patent fails to contain 
claims of intermediate scope. See Hewlett-Packard Co. v. Bausch & Lomb, Inc., 882 F.2d 1556, 
1564-1565, 11 U.S.P.Q.2d 1750, 1757 (Fed. Cir. 1989); In reHandel312 F.2d 943, 945- 46 n.2, 
136 U.S.P.Q. 460, 462 n.2 (C.C.P.A. 1963). The Assignee is filing this reissue application to 
introduce intermediate scope claims. 

7. The above-described error and all other errors corrected in this reissue application 
arose without any deceptive intent. 

8. I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and behef are beheved to be true; and fiirther that 
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these statements were made with the knowledge that willful &lse statements and the like so made 
are punishable by fine or imprisonment, or both, under Section lOOl of Title 18 of Ae United 
States Code and that such willful Mse statements may jeopardize the validity of die <q>pIic3tion 
or any patent issued thereon. 
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Commissioner for Patents and Trademarks 
Washington, D.C, 20231 

Dear Sir: 

Vysis, Inc., assignee of the above-captioned letters patent and a corporation of the state of 
Delaware, through its duly delegated representative, hereby revokes all prior powers of 
attorney submitted previously in this patent. 

Further, Vysis, Inc. through its duly delegated representative, hereby appoints William. E. 
Murray, Registration No. 30,303, and Nerval 8. Galloway, Registration No, 33,595 as its 
principal attorneys to have full power to transact all business in the Patent and Trademark 
Office connected with respect to the issued patent and to prosecute any underlying or related 
continuation, divisional, reissue and reexamination application thereof, including the power to 
revoke the power of attorney of any associate attorney hereto. 
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Charles E, Lipsey, Registration No, 28,t 55; Charles E. Van Horn, Registration No. 40.266; and 
Thomas W, Banks, Registration No. 32,719 are hereby appointed associate attorneys in the 
above-captioned patent with full power to transact afl business in the Patent and Trademark 
Office with respect to the issued patent and to prosecute any underlying or related 
continuation, divisional, reissue and reexamination application thereof. 

Please direct all future communications regarding the above-captioned patent to Nerval B. 
Galloway c/o VYSIS, INC. at the address listed below. 
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